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1. BBe^eHHe 

B HacToainee BpeMa npoMeiKyTOHHbie aneprHH npe^cTaBJiaioTca oco5eHHO nep- 
cneKTHBHbiM nojieM Hccjie^oBaHHH ^Jia pasBHTHa xeopHH CHJibHbix BsaHMO^eii- 
CTBHH. 3to — o5jiacTb npHMeneHHa 5bicTpo pa3BHBaioiu;eHca HenepTyp5aTHB- 
HOH KBaHTOBOH xpoMOflHHaMHKH H CBa3aHHbix c HCH Mo^ejieH, onHpaioinHxca Ha 
5a30Bbie CBOHCTBa 3toh TeopHH. JlajibHeHiuHH nporpecc (|)H3hkh npoMeiKyTOH- 
Hbix aneprHH Tpe5yeT npoBe^eHHa hobbix npeii;H3H0HHbix aKcnepHMCHTOB b hh- 
TepBajie (1-10) FaB. 05 3tom, nanpHMep, yGe^HTejibHO CBH^eTejibCTByeT bbo^ 
B aeiicTBHe HOBbix Hccjie^oBaTejibCKHx ycKopHTejieii COSY, CELSIUS b EBpone, 
CEBAF B CniA, paGoTaioinHx b HHTepBajie (16) FaB. CnnxpoTpoH HT30 Y-IO 
o5ecneHHBaeT 3KcnepHMeHTajibHbie ycTanoBKH npoTOHHbiMH ny^KaMH b 3HaHH- 
TejibHO 5ojiee mnpoKOM anepreTHHecKOM HHTepBajie (1-10) FaB h, hto oco5eHHO 
BaiKHO, ny^KaMH hhohob c HMnyjibcaMH (0.5-5) FaB/c, cero^Ha ^ocTynHbiMH 
jiHiub Ha Tpex ycKopHTejiax MHpa: HT30, KEK (5InoHHa), BNL (CIIIA). FEjia- 
HHpyeTca xaKiKe BbiBO^ HOHHbix ny^KOB c aneprnaMH ^o 5 FaB/nyKJioH. 3th bo3- 
MOiKHOCTH Y-lO no3BOJiaioT Hccjie^oBaTb paa BaiKHbix BonpocoB (|)H3HKH a^poH- 
a^poHHbix, a^poH-a^epHbix h a^po-a^epHbix B3aHM0fleHCTBHH. 

Ha CHHxpoTpoHe HT30 MOiKCT 5biTb BbinojiHena 5ojibmaa nporpaMMa Hccjie- 
flOBaHHH no a^poHHOH (|)H3HKe, Tpe5yioiu;aa BoccTanoBJieHHa peiKHMa ycKopeHHa 
npoTOHOB flo 8-10 FaB. Ycjiobho axn pa5oTbi mo^kho pa3flejiHTb na ^Be rpynnbi: 
pa5oTbi, MaKCHMajibHO npnGjiHiKeHHbie k ycjioBHaM nojiHoro onbixa, HMeioiuHe 
KoneHHOH iiejibio napiinajibHO-BOJiHOBOH aHajiH3, h pa5oTbi noHCKOBoro THna, na- 
npaBJieHHbie na OTKpbiTHe hobbix HeH3BecTHbix pacna^oB H3BecTHbix a^poHOB h 
Ha nOHCKH HOBblX aK30THHeCKHX COCTOaHHH, KOTopbie He yKJia^biBaioTca B KJiac- 
CH(|)HKau;Hio HaHBHOH KBapKOBOH Mo^ejiH. 05a aTH HanpaBJieHHa aoHOJinaioT flpyr 
flpyra h hmciot o5iu;yio u;ejib — pacmnpeHHe cyinecTByioineH aKcnepHMeHTajib- 

HOH 5a3bl aaHHblX flJia pa3BHTHa TeopHH CHJIbHblX B3aHM0fleHCTBHH. 

CeiiHac ^ocTaTOHHO na^eiKHO ycTanoBJieno, hto ocHOBHbie Me30Hbi h 5apH0Hbi 

COCTaBJieHbl H3 KBapKOB (h aHTHKBapKOB), a B3aHM0fleHCTBHe MeiK^y HHMH He- 

penocHTca rjiiooHHbiM hojicm. Tcm ne Menee, npo5jieMa KOH(|)aHHMeHTa eine He 
HMeeT pemeHHa na ochobc o5iu;hx npHHiinnoB TeopHH. j^Jia aToii Hpo5jieMbi mo- 
iKeT 0Ka3aTbca peHiaiom;HM 5ojiee ^eTajibHoe 3HaHHe cbohctb rjiiooHHoro h KBap- 
KOBoro KOH^encaTOB. 3a Hocjie^HHe ^ecaTHJieTHa naKOHJien 3HaHHTejibHbiH aKC- 
nepHMeHTajibHbiH h TeopeTH^ecKHH MaTepnaji, ne yKJia^biBaioinHHca b nanGojiee 
npocTbie npe^cTaBJieHHa o rjiiooHHbix h KBapKOBbix nojiax. C Hcnojib30BaHHeM 
npaBHJi cyMM HT30 5biJio ycTaHOBJieno, hto BaxyyM rjiiooHHbix h KBapKOBbix 
nojieii He coBna^aeT c BaxyyMOM TeopHH B03Mym;eHHH — cyujecTByioT tjiiooh- 
HbiH H KBapKOBbiH KOH^eHcaTbi. H3 aToro MOiKHO 3aKJiioHHTb, HTO, Hapa^y c 
a^poHHbiMH cocToaHHaMH o5biHHbix THHOB qq H ggg, MoryT cyujecTBOBaTb ne- 
CTan^apTHbie a^poHbi, CBa3aHHbie c B035yiKfleHHaMH KBapKOBoro h rjiiooHHoro 
KOH^encaTOB. FEoKa neT o5iu;enpHHaToro pa3BepHyToro TeopeTH^ecKoro onnca- 
HHa HenepTyp5aTHBHoro BaxyyMa, npeflCKa3aTb CBoiicTBa TaKHX HecTaH^apTHbix 
cocToaHHH 3aTpyflHHTejibHo; OHH MoryT oGjia^aTb Heo5biHHbiMH CBoiicTBaMH po- 



iK^eHHa H pacna^a h anoMajibHOH neTHOCTbio. KaH^H^aTaMH b xaKHe HecTan- 
aapTHbie a^poHbi asjiaioTca xopomo ycTaHOBJieHHbie pesoHancbi /o(980), ao(980) 
H, B03M0iKH0, Ha5jiiofleHHbie He^aBHO Ha luecTHMeTpoBOM cneKTpoMeTpe HT30 
y3KHe pe30HaHCbi b KgKg-cncTeue. O^hh h3 hhx, noKa na^eiKHO He no^TBep- 
iK^eHHbiH, c npe^nojiaraeMbiMH KBaHTOBbiMH HHCJiaMH /2(1245) MOiKCT 5biTb hc- 
cjie^oBaH Ha npoTOHHOM cHHxpoTpoHe HT30. 05jiacTb Mace okojio 980 MaB 
BHOJine flocTynna ^Jia Hccjie^oBaHHH na CHHxpoTpoHe HT30 h, no-BH^HMOMy, 
eine He Henepnana. KpoMe xaKHX HeeTaH^apTHbix Me30H0B, eymeexByeT pa^ 
KaH^H^aTOB B rjiio5ojibi, KJiaeeH(|)HKaii;Ha KOTopbix noKa ne yeTanoBJiena; naexb 
H3 HHX HaxoflHTea B o5jiaeTH Maee, ^oeTyHHOH ^Jia Heejie^oBaHHa na ennxpo- 
TpoHe HT30. 3KenepHMeHTajibHbie h TeopeTH^eeKHe Heejie^oBaHHa rjiiooHHeB, 
Hx eMeiuHBaHHa e o5biHHbiMH gg-eoeToaHHaMH, poiK^eHHa h paena^oB 5biJiH 5bi 

3aMeTHbIM BKJia^OM B (|)H3HKy a^pOHOB. 

Me30HHaa eneETpoeKonna b HHTepBajie aneprHH yeKopHxejia HT30 no epaB- 
HeHHio e 5ojiee BbieoKHMH aneprnaMH oGjia^aeT npeHMymeeTBaMH GojibiuHX ee- 
neHHH renepaiiHH, Tax KaK MHorne h3 neynpyrnx npoijeeeoB onnebiBaioTea o^- 
HonHOHHbiM HJiH 5apH0HHbiM o5MeHaMH, aMnjiHTy^bi KOTopbix 5bieTpo yMeHb- 
maioTea e aneprHeii. Bo mhophx ejiynaax H3MepeHHe ennnoBbix xapaKTepneTHK 
3KeKJiio3HBHbix npoijeeeoB no3BOJiaeT nyxeM 5e3MOflejibHoro aHajiH3a na^eiKHO 
pa3flejiHTb HHTeneHBHoeTH ynaeTByioinHX bojih. 

OT^ejibHOH OTpaejibio a^poHHoii (|)H3hkh aBJiaexea 5apH0HHaa eneKxpoeKO- 
nna. HnTepBajibi HMnyjibeoB nnoHHbix h KaoHHbix ny^KOB HT30 nepeKpbiBaioT 
Beio o5jiaeTb 5apH0HHbix pe30HaHeoB N, A, A, E. j^Jia 5apH0HHbix eoeToaHHH 
B03M0iKHbi peaKiiHH npsMoro poiK^eHHa Ha tt- h K~-ny^KSiX. Oeo5eHHO HHTe- 
peeHbi Heejie^oBaHHa neynpyrnx KanajioB, Tax KaK neKOTopbie h3 hhx, nanpHMep 
ttN -^ AK, ttN -^ Nr], Bbi^ejiaroT pe30HaHebi e H3oeHHHOM 1/2. 

CnexeMaTHKa, oenoBannaa na napiinajibHO-BOJiHOBbix aHajiH3ax ynpyrnx h 
Heynpyrnx KanajioB, eine ne Henepnana, h HMeexea oGmnpHoe nojie ^eaTejibHO- 
eTH Ha eHHxpoTpoHe HT30 npn MHHHMajibHoii KOHKypeHiiHH. Oeo5biH HHTepee 
npe^eTaBJiaeT H3yHeHHe neynpyrnx peaKiinii e poiK^eHHeM (/)-Me30H0B (eM. [1]), 
HaiiejieHHoe na OTKpbiTHe pe30HaHeoB eo eKpbiToii expaHHoeTbR). HnTepeeHbi h 
peaKiiHH e poiK^eHHeM mhophx Me30H0B, ^Jia KOTopbix nojiynenbi na 2-MeTpoBOH 
KaMepe HT30 yKa3aHHa na KaeKa^Hoe poiK^eHHe 3K30THHeeKoro Gapnona e h3o- 
enHHOM 5/2. 

BeebMa nepeneKTHBHoii npeaeTaBJiaexea h nporpaMMa no aapoH-aflepnoH n 
aapo-aaepnoH (|)n3nKe. OenoBHbie nanpabJienna 3fleeb eBa3aHbi e n3yneHneM Me- 
xaHn3M0B B3anM0fleHeTBna naexnu; b a^epnon epe^e. Bojibmoe BnnManne npn- 
BJieKaroT neejie^oBanna KOJiJieKTnBHbix abJiennn b a^epHbix peaKu;nax, xaKnx KaK 
no^noporoBoe poiK^enne, poiK^enne KyMyjiaTnBHbix naexnu;, nenyKJionnbie exe- 
nenn eBo5oflbi b a^pax, aflpoHn3au;na KBapKOB b a^epnon epe^e. HnTepeenbi 
n3MepeHna npoeTpaneTBenHO-BpeMenHbix xapaKTepnexnK o5pa30BaHna naexnu; 
B npoTOH(aflpo)-aflepHbix B3anM0fleHeTBnax. Bee axn pa5oTbi aKxnbno pa3- 
BnBajineb b HT30, n 5biJin nojiynenbi nnonepeKne pe3yjibTaTbi. Ha exbiKe 
a^epnoH (|)n3nKn BbieoKnx aneprnn n pe30HaHeH0H (|)n3nKn exoax noneKn mho- 
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rOHyKJIOHHblX 05pa30BaHHH B CB050flH0M COCTOaHHH. HpHMepOM MOiKCT 5bITb 

(i'-flH5apH0H, cymecTBOBaHHe KOToporo Hccjie^oBajiocb xeopeTHKaMH h aKcnepn- 
MCHTaTopaMH B HT30. HpeflJiaraeTca xaKiKe npoBepKa npe^cKasbiBaeMoii mo- 
flH(|)HKaii;HH CBOHCTB a^poHHbix pe30HaHC0B B a^epHOH cpe^e. MoryT 5biTb nojiy- 
HCHbi aaHHbie o Bbi3biBaioiu;HX b nocjie^Hee BpeMa 5ojibmoH HHTepec cocToaHHax 
c 5ojibmoH (|)a30B0H njioTHOCTbio, KOTopbie B HHbix ycjioBHax npe^JiaraeTca hc- 
cjie^oBaTb Ha ycTanoBKe ALICE (LHC). 

IIpeflCTaBJieHHaa HHiKe npe^BapHTejibnaa nporpaMMa, pa3pa5oTaHHaa 3Kcne- 
pHMeHTajibHbiMH Jia5opaTopHaMH h rpynnaMH, oxBaxbiBaeT JiHiub nacTb nepe- 

HHCJieHHblX B03M0iKH0CTeH. IIpH COOTBeTCTByiOIHeH MOpaJIbHOH H MaTepHaJIbHOH 

nofl^epiKKe MOiKCT 5biTb pa3pa5oTaHa 5ojiee mnpoKaa nporpaMMa aKcnepHMen- 

TOB Ha CHHXpOTpOHe HT30. 

2. A^poH-a^poHHbie npoixeccM 

2.1. rioHCKH H HCCJie^OBaHHe 3K30THHeCKHX COCTOaHHH 

KaK cjie^yeT h3 KBapKOBoii Mo^ejiH, Bce H3BecTHbie Me30Hbi aBJiaioTca CBa3aH- 
HbiMH cocToaHHaMH napbi KBapK-aHTHKBapK (gg), a 5apH0Hbi — xpex KBapKOB. 
OflHaKO HH oflHa TeopeTHHecKaa Mo^ejib ne 3aKpbiBaeT B03M0iKH0CTb cymecTBO- 
Banna 5ojiee cjioiKHbix oGteKTOB THna MHoroKBapKOBbix gggg-Me30H0B, qqqqq- 
5apH0H0B H gggggg-flH5apH0H0B, a xaKiKe rnGpH^OB h tjiioGojiob. IIohckh xa- 
KHX HecTaH^apTHbix 3K30THHecKHX o5pa30BaHHH aBJiaioTca BaiKHeiimeH 3aflaHeH 
a^poHHOH cneKTpocKonHH B HacToainee BpeMa. 

A^poHHbie 3K30THHecKHe cocToaHHa MoryT 5biTb xpex bh^ob. 

1. C aBHOH (oTKpblTOil) 3K30THKOH HMCIOIUHe 3K30THHeCKHe TJiaBKbie KBaH- 

TOBbie HHCJia (Me30HbI C 3apaflOM HJIH CTpaHHOCTblO ±2, H30CnHH0M > 1, 

5apH0Hbi c 3apaflOM > 2 h t.^.). TaKHe oGteKTbi ^ojiiKHbi 5biTb MHoroKBap- 

KOBblMH. 

2. 05pa30BaHHa c 3K30THHecKHM Ha5opoM KBaHTOBbix HHceji J, P, C, HanpH- 
Mep, Me30Hbi c J^'^ = 0+~, , 1~+ h t.^. 

3. CocToaHHa co CKpbiToii 3K3othkoh, OTJiHHaioinHeca anoMajibKbiMH ^HnaMH- 
necKHMH CBOHCTBaMH: aHOMajibHO MajioH mnpHHOH, Heo5biHHbiMH KanajiaMH 
pacna^a, cneiinajibHbiMH KanajiaMH o5pa30BaHHa h t.^. 

Cjie^yeT 3aMeTHTb, hto ^o chx nop nex na^eiKHO ycTanoBJiennbix 3K30Tnne- 
CKnx a^poHOB, xoxa mojkho Ha3BaTb necKOJibKO cepbe3Hbix Kan^naaTOB, KOTopbie 
MoryT cnnxaTbca xaKOBbiMn [2]. Hajinnne na ycKopnTejie HT30 nnTencnBHbix 
nynKOB 7r~-Me30HOB c nMnyjibcaMn b flnana30He 3-r5 r3B/c n npoTonoB c nMnyjib- 
caMn B flnana30He 3-^8 r3B/c npe^ocTaBJiaeT xopomyio B03M0iKH0CTb npoBecxn 
aeTajibHoe n3yneHne 3K30TnnecKnx cocToannn Bcex xpex Bn^oB. 

KaK noKa3biBaioT nocjie^nne 3KcnepnMeHTbi (cm., nanpnMep, [3]), oiKn^aeMbie 
cenenna o5pa30BaHna 3K30TnnecKnx cocToannn JieiKaT b nanoGapnoBOH o5jiacTn. 
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MaCCbl 3K30THHeCKHX 5apH0HHbIX COCTOaHHH, TaKHX KaK £"55, A++7r+, J9(^, J97/, 

TjK, Tj*K h ap., JieiKaT b ^Hanasone 1.5 -r 3 FaB, aocTynnoM na ycKopHTejie 
HT30. IIpoflyKTbi pacna^a xaKHX xaiKejibix pesoHancoB Oy^yx BbiJiexaTb b iuh- 
poKOM TejiecHOM yrjie. IIohckh CKpbiToii 3K3othkh npe^nojiaraioT HsyneHHe, b 
nepByio onepe^b, y3KHX pesoHancoB. Bee 3th o5eToaTejibeTBa Tpe5yioT nenojib- 
30BaHHa HHTeneHBHbix nepBHHHbix ny^KOB (~ 10^ naeTHii/eeK.) h mnpoKoanep- 
TypHoro (5jiH3Koro k 47r) npeiiHSHOHHoro (Am = 5 -r 10 MaB) eneETpoMexpa e 
B03MOiKHoeTbio perHeTpaiiHH 3apaiKeHHbix h HeiiTpajibHbix HaeTHu;. 

PaeeMOTpHM neKOTopbie npoijeeebi, b KOTopbix mo^kho oiKH^aTb o5pa30BaHHa 
3K30THHeeKHX eoeToaHHH, H eooTBeTeTByioiuHe MeTo^bi Heejie^oBaHHa. 

2.1.1. CnaHupoeaHue no auepzuu HauadhHou uacmuii/U ceuenuu aKCKATOsueuux 
KauaAoe peanViUU, nanpHMep: 

^ N^ ^ E*-(1385)K+ , 
-^ N^p -^ (^ + n , 

no3BOJiHT npoBeeTH noneKH 3K30THHeeKoro 5apH0Ha b npaMOM Kanajie. 

2.1.2. Upeii/USuoHHoe usMepeuue cnenrnpoe acpcpeKmueuux Mace e peanViUax 

TT~{p) +P -^ pip + X , 

-^ A(1520)K+ + X , 

^pK~ 
-^ E°K+ + X , 

-^ E*°(1385)K+ + X, 

^AttO 
-^ pcj + X 

H ap. aaeT B03MOiKHoeTb npoBeeTH noneKH y3KHX 5apH0H0B eo eKpbiToii 
3K30THKOH. yKa3aHHa Ha eymeeTBOBaHHe 3K30THHeeKHX eoeToaHHH b en- 
exeMax E^K^ h E*°(1385)/'C"^ 5biJiH nojiyneHbi b pa5oTe [4]. 

2.1.3. IIoucKU 9K3omuuecKux MesoHoe e npoii/eccax c dapuoHUUM odMeuoM. 

MoiKHO oiKH^aTb, HTO B035yiKfleHHe BHyTpeHHHX eTeneneii eBo5oflbi, npHBO- 
aainHX K o5pa30BaHHio 3K30THHeeKHX eoeToaHHH, 5yfleT nponexo^HTb npn 
GojibiuHX nepe^aHHbix HMnyjibeax, nanpHMep, b peaKiinax e 5apH0HHbiM o5- 
MeHOM. HanGojiee y^oGHO, e tohkh 3peHHa 3KenepHMeHTa, H3yHaTb xaKHe 
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npoiieccbi B J9J9-, a He B 7r~j9-peaKii;Hax: b 3tom cjiynae 3K30THHecKHe Me- 
30Hbi OyayT BbiJieTaTb Bnepe^ h saxBaTbiBaxbca cneKxpoMeTpoM c mnpoKOH 
anepTypoH. Oco5biH HHTepec npe^cTaBJiaeT noHCK 3K30THHecKoro Mesona c 
3apaflOM +2 B peaKiiHH 



p + p ^ M + [pn n] (A -oGMen). 

HsBecTHO, HTO ceneHHa c 5apH0HHbiM oGmchom 5bicTpo na^aioT c aHeprneii 
(E""", r^e n f^ 3 -r 5 ^Jia aneprHH 2 -^ 50 FaB), noaxoMy ananasoH aneprHH, 
flocTynHbiH Ha ycKopHTejie HT30, npesBbiHaiiHO Bbiro^en ^Jia Hccjie^oBa- 
HHa TaKoro po^a npoijeccoB. 

2.1.4. IIoucKU 6apuoHH020 pesoHanca £"55. 

KaK Mbi ynoMHHajiH Bbime, pa^ TeopeTH^ecKHX Mo^ejieii npe^cKasbiBaeT 
cymecTBOBaHHe 3K30THHecKHX 5apH0H0B. B HacTHOCTH, npHMeneHHe Me- 
To^a npaBHJi CBepxcxo^ainHxca cyMM k pacceaHHio pe^iKeoHOB co cnHHOM 
J = 1 (tt, p) Ha HyKJioHax h A33-H3o5ape [5] npHBejio k npe^cKasaHHio cy- 

meCTBOBaHHa CepHH 3K30THHeCKHX 5apH0H0B C H30CnHH0M / > 5/2, cnHHOM 
J = 1 H HOJIOiKHTeJIbHOH P-HeTHOCTblO. CaMblH JierKHH HJien 3Toro CeMCH- 
CTBa 3K30THHeCKHX 5apH0H0B HMCCT KBaHTOBbie HHCJia J = 5/2, / = 5/2 H 

flocTaTOHHO MajieHbKyio Maccy M = 1.4 -^ 1.7 r3B. 

E'55-5apHOH aBJiaeTca anajioroM N h A33 b MHpe pe30HaHC0B c / = 5/2; 
3T0 — ocHOBHoe cocToaHHe cpe^H 3THX pe30HaHC0B. HanGojiee BepoaTHbiii 
Kanaji pacna^a £"55 ecTb KacKa^Hbiii npoijecc £"55 -^ A337r -^ Ntttt. Hpn 
Majibix HMnyjibcax pacna^a £"55 -^ A337r ^Jia pa3JiHHHbix Mace Me npe^- 
CKa3aHbi lUHpHHbi r^- [6], 3HaHeHHa KOTopbix npHBe^eHbi b TaGjiHiie. 



Me, TsB 


1.42 


1.44 


1.52 


1.56 


1.60 


1.65 


TE^An, M3B 


21 


36 


140 


215 


307 


443 



Pe3ioMHpya aaHHbiii pa3fleji, MOiKHO CKa3aTb, hto nyiKHO ^eTajibHO Hccjie^o- 
BaTb pe30HaHCbi b j97r+7r+-CHCTeMe b o5jiacTH Mace M„opo^<Mpj^+j^+<1.8 FsB, 
HajioiKHB orpaHHHeHHa na Maeey j97r+-nofleHeTeMbi b o5jiaeTH pe30HaHea 

A(1232). 

HepBbie 3KenepHMeHTbi no neejie^oBannio j97r+7r+-eneTeMbi 5biJin npoBe^enbi 
B nanajie meeTn^eeaTbix to^ob; b naexHoexn, 3T0My Bonpoey 5biJia noeba- 
mena pa5oTa [7], b KOTopon npe^eTaBJienbi pe3yjibTaTbi n3yneHna peaKu;nn 

7r+j9 -^ 7r~7r+7r+j9 npn j9^+ = 3.65 r3B/c. 

B aajibnenmeM noabnjiea pa^ pa5oT, noeBainennbix nonexaM E'ss-Gapnona 
(eM. pa5oTy [8] n eebiJiKn b nen). B HT30 3toh npo5jieMOH 3aHnMajiea pa^ 
3KenepnMeHTajibHbix rpynn, nenojib30BaBmnx KaK Mexo^nKy ny3bipbK0Bbix 
KaMep, TaK n 3JieKTpoHHyK) annapaxypy [5, 9, 10, 11]. 

Cjie^yeT no^nepKnyTb, nxo 3KenepnMeHTajibHaa enTyau;na e £"55 Kpanne 
npoTnbopennBa. B o^nnx pa5oTax eoo5iu;aeTea o naGjiro^ennn £"55 n npnBO- 
flaxea ero Maeebi, mnpnnbi n eenenna o5pa30BaHna. B apyrnx pa5oTax £"55 
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He Ha5jiioflaeTca, h ^aeTca BepxHHH npe^eji na ceneHHe ero o5pa30BaHHa. 
KpoMe Toro, b pa5oTax, r^e coo5iu;aeTca o Ha5jiiofleHHH 3Toro 5apH0Ha, 
cymecTByioT npoTHBopenna no nojioiKeHHio Mace h mnpHH. 

HanGojiee 3(|)(|)eKTHBH0 HeKaxb E'+++-pe30HaHebi b npoijeeeax na tt- 

Me30HH0M ny^Ke B 3KeKJII03HBHOH peaKiiHH 



7T p -^ pn 7T 7T~ 



r 



B KHHeMaTHKe, B KOTopoH j97r"^7r"^-eHeTeMa JiexHT no nanpaBJiennio nynxa. 
Bbi5op TaKOH KnneMaTnKn MOiKex 5biTb oeymeeTBJien e noMoinbio npo- 
eToro Tpnrrepa, Kor^a tt" b JiaGopaTopnon enexeMe BbiJiexaeT Ha3afl. Jlna- 
rpaMMa, onnebiBaioinaa 3tot npou;eee, eooTBexexByeT oGMeny b w-Kanajie 
A-n3o5apoH (eM. pne. 1). 



71 



+ 



P 



E 



+++ 



A 



++ 



TT 



Pne. 1: 05Men A-n3o5apoH. 



B 3T0H KnneMaTnKe BaiKno to, nxo (|)onoBbie npon;eeebi, OTpaiKaiom;neea na 
ATT-enexeMe, xaKiKe nponexo^ax 3a enex 5apnonnoro o5Mena. Bjiaro^apa 
3T0My, OTnomenne BepoaTnoexen bbixo^ob (|)onoBbix enexeM n pe3onaneoB 
MOiKeT 5biTb ne xaxnM 5ojibmnM, KaK b oGjiaexn npoTonnon (|)parMenTan;nn. 
Ha pne. 2 noKa3ana ^narpaMMa (|)onoBoro npon;eeea n^p -^ A++F°. 



TT 



+ 



P 



A 



++ 



TV, A+ 



@: 



TT 
TT 



+ 



Pne. 2: JInarpaMMa npon;eeea n^p -^ A++F . 

KpoMe peaKn;nn (1) npe^eTaBJiaeT nnxepee peaKn;na n^p -^ j97r+7r+7r~7r°, 
B KOTopoH MOiKno ncKaTb eoBMeexnoe poiK^enne £"+++ n /), n^yujaa eo- 
rjiaeno ^narpaMMe pne. 3. CymeeTByeT nnxepeenaa B03MOiKnoeTb nonexa 
E'55-pe3onaneoB b peaKn;nax 



pp 
pp 



-^ 
-^ 



TTrpTTTrn 

nfp7r~^7r~^7r~ 



71 



+ 



E 



+++ 



A++ 



P 



P 



Phc. 3: j^narpaMMa coBMecTHoro poiK^eHHa £"+++ h p. 

npH cneiinajibHOH KOH(|)Hrypaii;HH HMnyjibcoB, HMHTHpyioinHX npoijecc pac- 
ceaHHa nasa^. j^HarpaMMbi ^Jia 3thx npoiieccoB noKasanbi na pnc. 4. 



P 



P 



A 



++ 



TT 



+ 



TT 



+ 



E+++ 



n 



p 



TT 



+ 



P 



A 



++ 



n 



E+++ 



TT 



Phc. 4: j^HarpaMMbi npoijeccoB poiK^eHHa £"55 b pp-BsaHMO^eiicTBHH. 



TaK KaK MHOiKecTBeHHOCTb 3apaiKeHHbix HacTHu; b peaKiiHH (2) Menbiue, 
HCM B peaKiiHH pp -^ 'K~^ pn^ Ti^ Ti~ p ^ TO HcpBaa peaKiina CTanoBHTca 5o- 
jiee npe^noHTHTejibHOH H3-3a Toro, hto hhcjio (|)OHOBbix npoijeccoB ^Jia nee 
MeHbiue. 

OflHHM H3 HanGojiee npaMbix cnoco5oB npoacneHHa aKcnepHMeHTajibHoii ch- 
TyaiiHH c B03M0iKHbiM poiK^eHHeM cocToaHHa £■+++ MOiKCT 5biTb Ha5op 3Ha- 
HHTejibHoro CTaTHCTHHecKoro MaTepnajia no peaKiinaM 7r+j9 -^ A++ + 7r+7r~ 
H 7r+j9 -^ A++ + 7r+7r~7r° npn HMnyjibce nepBHHHoro 7r+ ot 3 flo 4 FaB/c 

H, B03M0iKH0, peaKIIHH C GoJIblUHM HHCJIOM BTOpHHHblX HHOHOB. HmCHHO B 

3THX peaKiiHax na orpaHH^eHHOM CTaTHCTH^ecKOM MaTepnajie ^ByxMexpo- 
BOH iKH^KOBOflopoflHOH KaMcpbi HT30 5biJiH nojiyHCHbi yKa3aHHa na poiK^e- 
HHe cocToaHHa £"+++ b npoijeccax KacKa^Horo pacna^a xaiKejibix A-H3o5ap: 
7r+j9 -^ A*++ -^ £■+++ + 7r~(/)~). TaKoii npoijecc s-KanajibHoro THna ne 
HMeeT MajiocTH, npHcymeii peaKiinaM 5apHOHHoro oGMena, h Mor 5bi 5biTb 
Hccjie^oBaH Ha MHoroHacTHHHOM cneKTpoMeTpe. 

2.1.5. IIoucKU 9K3omuuecKozo du6apuoHH020 pesouauca d' (M k, 2.06 FsB, 
r < 10 MsB) 6 peaKii/UU pd -^ pd' -^ ppp7r~ . 

JlH5apH0HHbIH pe30HaHC d' C OTKpblTOH 3K30THKOH MOiKCT paCCMaTpHBaTbCa 

KaK MHoroKBapKOBbiH MemoK B CBo5oflHOM cocToaHHH. CpaBHeHHe xapaK- 

TepHCTHK MHOrOKBapKOBblX MeiUKOB B a^paX ((|)JiyKTOHbl) H B CB050flH0M 

cocToaHHH no3BOJiaK)T B npHHiinne cy^HTb o pa^nyce KOH(|)aHHMeHTa b Ba- 
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KyyMe h a^epHoii cpe^e. Pa^nyc KOH(|)aHHMeHTa b a^epHoii MaxepHH, neco- 
MHCHHO, BaiKHeiimaa xapaKTepncTHKa KBaHTOBoii xpoMO^HHaMHKH cpe^. 

B pa^e TeopeTHHecKHX pa5oT [12] npe^cKasbiBaeTca cymecTBOBaHHe d' KaK 
MHoroKBapKOBoro MeiuKa. Ha5jiiofleHHe d' Gy^ex tcctom cnpaBe^JiHBOCTH 

3THX TeopeTHHeCKHX nOflXOflOB. 

CymecTByeT pa^ CTaTHCTH^ecKH ^ocTOBepHbix aBJieHHH (nanpHMep, pe- 
30HaHCHoe noBe^eHHe ceneHHa "ynpyroii" ^bohhoh nepesapa^KH nno- 
HOB [13]), KOTopbie MOiKHO TpaKTOBaTb, KaK cyinecTBOBaHHe a^epHbix ch- 
CTCM, BKJiroHaroinHX anGapHOH d' . 

HMeroTca 3KcnepHMeHTajibHbie yKasanna na cymecTBOBaHHe d' b cboGo^hom 
cocToaHHH, nepBoe h3 KOTopbix 5biJio nojiyneHO b HT30 [14]. HeoGxo^HMO 
Ha5paTb 56jibmyK) CTaxHCTHKy h no^TBep^HTb hjih onpoBeprnyTb cyme- 
cTBOBaHHe CBo5oflHoro d' . Ecjih d' ecTb, to cyujecTByroT d'- a^pa, ecjiH hct, 
TO Ha^o HCKaTb ajibTepnaTHBHbie oGtacHCHHa 5e3ycjioBHO HaGjiro^eHHbix 
aHOMajiHH B o5pa30BaHHH nnoHOB c aHeprneii 50 MaB. 

OGnapyiKeHHe d' h Bbi^ejieHHe cooTBCTCTByromnx coGbithh no3BOJiaT b nep- 

CnCKTHBC OIICHHTb pa3Mep d' CTaH^apTHblM MCTOflOM J9J9-KOppeJiaii;HH H, cjie- 
flOBaTCJIbHO, erO nJIOTHOCTb H CpaBHHTb C nJIOTHOCTbK) (|)JiyKTOHOB. 

Ceoucmea d' . H3 npaMoro aKcnepHMCHTa h aHajiH3a ^aHHbix no nepe3a- 
pa^KC Ha a^pax H3BecTHa cjie^yromaa HH(|)opMaii;Ha o d': 

a) Mrf/ ^ 2.06 TaB; 

5) d' -^ pp7T~ HJIH nn7r+, / = 0, J^ = 0~; 

b) aneproBbiflejieHHe ~ 50 MaB; 

r) HO-BH^HMOMy, o5pa3yeTca npn B3aHM0fleHCTBHH c tcchbimh rpynnaMH 
HyKJioHOB B a^pax hjih na Majibix paccToannax b j9j9-B3aHMOfleHCTBHax; 

a) B J9J9-B3aHMOfleHCTBHaX d' y^aJIOCb Bbl^eJIHTb JIHHIb Cpe^H C05bITHH, fljia 

KOTopbix Macca chctcmm pp Mpp — 2mp < 18 MaB - y3KHe pp-naphi b 
KOHiie peaKiiHH; 

e) r^"^™ < 10 MaB h, no-BH^HMOMy, < 1 MaB; aKcnepHMCHTajibHaa ihh- 
pHHa oGycjioBJiena pa3pemeHHeM ycTanoBKH; 

M.) y30CTb pe30HaHca, B03M0iKH0, CBa3aHa c ero CTpoenncM — oh npe^cTa- 
BJiacTca [15] KBa^poKBapK-^HKBapKOBbiM MeiHKOM, HTO xopomo corjia- 
cycTca c xapaKTepncTHKoii, yKa3aHH0H b h. a). 

Bbi6op peaKii/UU, KuneMamuKa. 

I. HpeflJiaraeTca HCKaTb d' b KBa3H5apHOHHOH peaKijHH pd -^ pd'\ d' — 
OHCHb y3KHH pe30HaHC (h. e)). 

II. OTGnpaTb TaKHC co5biTHa peaKijHH 

pd -^ pd' -^ ppp7r~ , (3) 
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B KOTopbix p JieTHT Ha3afl B Ji.c. 3to, KOHeHHO, iKecTKHH ot5op, ho oh 
Bbi^ejiaeT co5biTHa, b KOTopbix najieTaioinHH npoTOH BsaHMO^eiicTByeT 
c d B "ciKaTOM" cocToaHHH, KaK npH o5paTHOM j9(i-pacceaHHH 

pd ^ dp . (4) 

TaKOBbi ycjioBHa poiK^eHHa d' (cm. n.n. r), a), jk)). 

III. PeaKiina pd -^ dp 5bicTpo BbiMnpaex c HanajibHOH aHeprneii, ho ee 
ceneHHe bhojihc H3MepHM0 b ^Hanasone aneprHH ot nopora nnoHHoro 
poiK^eHHa flo HecKOJibKHX FaB. YrjioBoe pacnpe^ejieHHe npoTOHOB no- 
3B0JiaeT npe^nojiaraTb BKJia^ ^narpaMMbi pnc. 5 c oGmchom nyKJioHOM, 
HTO o5ecneHHBaeT MajiocTb paccToaHHH npn BsaHMO^eiicTBHH. 



V. 



VI. 



P 



d 



d 



N 



P 



Phc. 5: j^narpaMMa nyKJioHHoro oGMena. 
IV. PeaKiina (3) mo^kct h^th corjiacHO ^narpaMMe pnc. 6 c oGmchom N* , 

p — d' 



d 



N' 



P 



Phc. 6: JiHarpaMMa oGMcna N* . 

HTO TOJibKO yMCHbiuaeT MCiKHyKJioHHoe paccToaHHC npH BsaHMO^eii- 
CTBHH H cnoco5cTByeT nepecTpoHKC 6g-MemKa. BepoaxHOCTb peaKiiHH 

(3), KOHCHHO, MCHblUe HCM (4), HO H3-3a oGMCHa H305ap0H He CJIHUI- 

kom: cpaBHHTb o5paTHoe pacceanne n^p (nyKJionHbiH nojiioc) h 7r~p (b 
nponaraTope H3o5apa). 

B cjiynae aeTCKTHpoBaHHa BbiJiexa npoTona Ha3afl KHHCMaTHKa d' 
iKCCTKO 3aflaHa. Bo3MOiKeH aHajiH3 no MCTO^y He^ocTaioinHX Mace, ho 
npe^nojiaracTca perHCTpnpoBaTb Bce npo^yKTbi pacna^a d' -^ pp7r~ 
H BH^CTb ero no nnBapnanTHon Macce na Bbiflejiennon nacxn (|)a30Boro 
oGtcMa. 

d' — MajioB035yiKfleHHoe cocToanne, cncTCMa ^Byx npoTonoB JiexnT no 
nanpaBJiennio d' (npn nanajibnon aneprnn 1 FaB OTKJionenne < 5^). 
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TaK KaK Heo5xoflHMO OTGnpaTb "y3KHe" napbi npoTOHOB (cm. n. a)), 
TO H npoTOHbi JiexaT no nanpaBJieHHio d' . 3to tc npoTOHbi, KOTopbie b 
CHCTCMe d' JiexaT nasa^. 

VII. IlHOHbi OT pacna^a d', JieTainne b ero CHCTCMe Bnepe^, OTXo^aT ot 
HanpaBJieHHa d' na yrjibi ^o 30^ h hmciot npn T ~ 1 FaB ^o 300 -r 
400 MaB/c. 

IX. Bee naeTHiibi Moryx 5biTb saperneTpHpoBaHbi eneTHHKaMH eneTeMbi 
KOPJI ("KOPpejiaiiHOHHbiH JleTeKTop" [16]). npe^bi^yinHH aKenepn- 
MeHT npoBO^HJiea e eneTeMoii BAG ("BesMarHHTHbiii A^poHHbiH CneK- 
TpoMexp"). KOPJI aBJiaexea yeoBepmeHeTBOBaHHbiM BapnaHTOM no- 
ejie^Heii. 

UocmaHoeKa onuma BbiTeKaex h3 paenojioiKeHHa eneTHHKOB KOPJI. 
HanajibHaa aneprna onpe^ejiaeTea ejie^yioinHMH eoo5paiKeHHaMH: 

* BbiJieTaioinHH Ha3afl npoTOH ^ojiiKeH HMexb ^oeTaTonHbiii HMnyjibe ^Jia 
perneTpaiiHH eneTeMoii KOFJX (l-ii ejioii), npn T^^^ = 1 FaB pp ^ 
250 ^ 350 MaB/c; 

* ejie^yeT otohth BBepx no aneprnn ot nopora oGpasoBanna d' ^Jia yBe- 
jinnenna eenenna; 

* npeBbimenne nopora ^ojiiKHO 5biTb neGojibmnM, nTo5bi no^abnTb (|)OHbi, 
eBasannbie e poiK^enneM apyrnx nnonoB. 

Hpe^nojiaraeTea pa5oTa na iKn^KOfleHTepneBon Mnnienn, nTo5bi n35e- 
iKaTb pa3HoeTHoro onbixa xnna C^H2 — C. HtoGm nsGeiKaxb onbixa 
{d + Mumeub) — Mumeub na^o nMexb enexeMy Koop^nnaTHbix ^exeKTopoB, 
Bbi^ejiaioiunx b npoexon reoMexpnn ejiynan na ^eiiTepnn b Mnnienn. 3to 
a(|)(|)eKTnBno noMOiKex yBejinnennio eTaTneTnneeKon Tonnoexn. 

2.1.6. 06pa306aHue SKSomuuecKux cocmoaHuu e peanViUax odnonuoHHOzo o6- 
Mena. 

He^aBno o5napyiKennbie Mesonbi, aBJiaiom;neea Kan^n^aTaMn b aK30Tn- 
neeKne eoexoanna, nanpnMep, (/j-(2010), G(1590) n ap., o5pa3yioTea b 
3apaflOBO-o5MennoH peaKn;nn Ti~p -^ M^n, b KOTopon ^OMnnnpyex o^nonn- 
onnbiH o5Men. 3Tn aKenepnMenxbi npoBe^enbi npn nMnyjibee 7r~-Me3onoB 
25 -r 32 FaB/c. HoeKOJibKy eenenne xaxnx peaKn;nH na^aex e poexoM anep- 
rnn KaK E~ , nccjie^oBanne axnx n noncK apyrnx cocToannn Moryx 5biTb 
npoBe^enbi na ycKopnTejie HT30 c cyujecTBenno Gojibmen CTaTncTnnecKon 
o5ecnenennocTbK), neM b npe^biaymnx pa5oTax. HanpnMep, nncjio co5bi- 
Tnn, KOTopbie MOiKno nojiynnxb na mnpoKoanepxypnoM cneKxpoMexpe 3a 
100 nacoB pa5oTbi ycKopnTejia HT30 fljia peaKn;nn 7r~p -^ cun (cenenne 
peaKn;nn ^ 200 mk5), cocxaBnT ^ 10^, a ^Jia peaKn;nn 7T~p -^ rj'n — ^ 10^ 
(cenenne peaKn;nn f^ 30 mk5). 
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B pa^e cjiynaeB npn pa5oTe na nnoHHOM ny^Ke mo^kho Gy^ex npoBecTH 
napiinajibHO-BOJiHOBOH anajiHS, KOTopbiii cymecTBeHHO yBejiHHHT B03M0iK- 

HOCTH H Ha^eiKHOCTb HSyHCHHa 3K30THHeCKHX a^pOHHblX COCTOaHHH. 

2.2. Mccjie^oBaHHe HHSKOJieacamnx CKajiapHbix mgsohob 

HpefljiaraeTca Hccjie^oBaHHe peaKiinii 

7T~p^ -^ 7T~^7T~n , (5) 

7T~p^ -^ 7T 7T n , (6) 

~p^ -^ K^K'n (7) 



TT 



Ha nOJiapH30BaHHOH npOTOHHOH H iKH^KOBOflOpOflHOH MHiueHax B HHTepBajie Ha- 
HajibHbix HMnyjibcoB (2.5-4.0) FaB/c, o5ecneHHBaioiu;eM nepeKpbiTHe oGjiacTeii 
cKajiapHbix pe30HaHC0B /o(750), /o(980), ao(980) h /o(1370). 3Ta nporpaMMa 
aBJiaeTca npo^ojiiKeHHeM h pacmnpeHHeM aKcnepHMCHTa no HsyneHHio renepa- 
iIHH nnoHOB nnoHaMH na nojiapH30BaHHbix npoTonax, BbinojineHHoro b nocjie^HHe 
roflbi Ha cHHxpoTpoHe HT30 [17]. 

OcHOBHaa u;ejib npe^nojiaraeMbix 3KcnepHMeHT0B coctoht b Hccjie^oBaHHH 
CKajiapHoro ceKTopa 5o3ohhoh cneKTpocKOHHH. H3BecTH0, hto ^o nacToainero 
BpeMCHH He ycTanoBJien HoneT CKajiapHbix Me30H0B J^*^ = 0"^"^, xoxa h 3anoji- 

HCHbl HOHeTbl nceBflOCKaJiapHblX, BCKTOpHblX H TeH30pHbIX Me30H0B. j^Jia CKa- 

jiapHoro HOHCTa HMeioTca KaH^H^aTbi c H3ocnHHOM 1: ao(980) h ao(1450), h c 
H3ocnHHOM 0: /o(400-r 1200), /o(980) h /o(1370), ho neKOTopbie h3 hhx npo5jie- 
MaTHHHbi, TaK KaK cpaBHHTejibHo y3KHe (r = 40 -r 100 MaB) /o(980) h ao(980) 
MoryT 0Ka3aTbca CBa3aHHbiMH /■C/'C-cocToaHHaMH hjih "hobbimh a^poHaMH" [18]. 
C apyroH CTopoHbi, noHCK 3K30THHecKHX cocToaHHH (4-KBapKOBbix (qqqq) Me- 
30H0B, rnGpH^Hbix (qqg) Me30H0B h tjiioGojiob (gg)) oco5eHHO nepcneKTHBen b 
CKajiapHOM ceKTope, TaK KaK mojkho oiKH^aTb, hto HH3mHe cocToaHHa 3thx 
oGteKTOB aBJiaroTca CKajiapaMH. Oco5biH HHTepec npe^cTabJiaeT CHrMa-Me30H 
/o(400 -r 1200), HMeroinHH ^JiHHHyK) H npoTHBope^HByK) HCTopHK). Ha cyme- 
CTBOBaHHe 3Toro Me30Ha yKa3biBaeT pa^ TeopeTH^ecKHX pa5oT h aKcnepHMen- 
TajibHbix pe3yjibTaT0B. TaK, b Mo^ejiH "5ameH", cocToainHX h3 BbipoiK^enHbix 
pe30HaHC0B c nepe^yroineHca neTHOCTbro [19], (7-Me30H c J^*^ = 0++ B03HHKaeT 
KaK HJien nepBoii 5amHH {niu = nip), npHHa^JieiKainHH aonepHeii xpaeKTopHH 
Pe^iKe, CMeineHHOH b j-njiocKOCTH bhh3 na e^HHHiiy OTHOCHTejibHO oGmchho- 
BbipoiK^eHHOH JiH^Hpyroineii xpaeKTopHH c a ■ P = 1. CymecTBOBaHHe xaKHX 
"5ameH" cjie^oBajio h3 OTcyxcTBHa M-KanajibHbix pe30HaHC0B (h nHKa Ha3afl) b 
peaKiinax tt+tt" -^ tt+tt". HMeroinneca 3KcnepHMeHTajibHbie ^aHHbie no Me30H- 
HbiM pe30HaHcaM ne npoTnBopenax cymecTBOBannK) npaMOJinnennbix aonepnnx 
TpaeKTopnn, ecTecTBenno B03HnKaK)iu;nx b CTpynnbix Mo^ejiax, no Kpannen Mepe 
B o5jiacTn Mace Bbinie 1 FaB [20]. FEojieBaa Mo^ejib HaMGy-Hona-Jlacnnno [21] 
npeflCKa3biBaeT niu = 2mg, r^e niq — Macca KoncTnTyenTHoro KBapKa. CoBpe- 
Mennbie nojiebbie Mo^ejin, y^oBJieTBoparoinne Knpajibnon nnbapnanTHOCTn KXJI 
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(cm., HanpHMep, pa5oTy JIejib5opro h CKa^poHa [22]), npe^cKasbiBaioT cnrMa- 
Me30H c niu = 2mq ^ 650 MaB. 

3KcnepHMeHTajibHbie ^aHHbie no peaKiiHH (5), nojiyneHHbie npn 1.78, 6, 12 h 
17 FaB/c, CBH^eTejibCTByioT o cjioiKHoii CTpyKxype HHTencHBHOCTH S'-BOJiHbi, co- 
^epiKaineii, b nacTHocTH, hhk npn Macce ~ 750 MaB c mnpHHOH (100 200) MaB. 
IIoBefleHHe OTHOCHTejibHoii (|)a3bi S- h P-bojih xaKiKe cooTBeTCTByeT cymecTBO- 
BaHHio cpaBHHTejibHO y3Koro pe30HaHca. B to iKe BpeMa CTan^apTHaa AMP- 
napaMeTpH3aii;Ha ynpyroro TTTT-pacceaHHa npoTHBope^HT HajiHHHio y3Koro pe- 
30HaHca, xoTa h mo^kct 5biTb corjiacoBana c mnpoKHM (F = 400 -r 600 MaB) 

CHrMa-Me30H0M. 

JlajibHeHiuHH nporpecc b H3yHeHHH CKajiapnbix Me30H0B Tpe5yeT xopomo cxa- 
THCTHHecKH o5ecneHeHHbix H3MepeHHH MaTpn^Hbix ajieMCHTOB peaKiinii (5), (6), 
(7). Bo Bcex aTHX peaKiinax Bbi^ejiaioTca 5o30HHbie pe30HaHCbi c naTypajibHoii 
cnHH-neTHOCTbio, B peaKiiHio (6) BHOcax BKJia^ JiHiub pe30HaHCbi c HCTHbiM cnn- 
HOM, peaKiineii (7) Bbi^ejiaioTca 5o30HHbie pe30HaHCbi c 5ojibmoH BepoaTHOCTbio 
pacna^a no Kanajiy KK. B oGcyiK^aeMoii anepreTHnecKoii o5jiacTH hct ^an- 

HblX O CnHHOBOH 3aBHCHM0CTH peaKIIHH (6). OTCyTCTByiOT TaKiKe CBe^eHHa o 
CnHHOBOH 3aBHCHM0CTH peaKiiHH (7) B o5jiacTH /o(980). 

Hccjie^oBaHHe npoijeccoB (5), (6), (7) o5ecnenHT npaMoe Mo^ejibHO- 
He3aBHCHMoe BoccTanoBJieHHe HHTeHCHBHOCTeii h OTHOCHTejibHbix (|)a3 ynacTBy- 
loinHX aMnjiHTyfl. OiKH^aeMbie pe3yjibTaTbi xaKiKe npHHecyx iieHHyio HH(|)op- 
MaiiHio o ^HHaMHKe aTHX peaKiiHH, BKJiionaa anepreTHnecKyio 3aBHCHM0CTb Ma- 
TpHHHblX aJieMCHTOB H aMnJIHTyfl H OIieHKH BKJia^OB "He-nHOHHbix" MexaHH3- 
MOB 05MeHa. OhH XaKiKe n03B0JiaT npOBepHTb MO^eJIH CnHHOBOil 3aBHCHM0CTH 

MexaHH3M0B renepaiiHH ^HnnoHOB (^HKaoHOB) nnonaMH (nanpHMep, KnMejib- 
Oyanc [23]). 

FEpH peajiH3aii;HH aKcnepHMCHTOB mo^kct 5biTb Hcnojib30BaH onbiT pa3pa5oTKH 
H aKcnjiyaTaiiHH nojiapH30BaHHbix MHiueHeii b HT30, HMeioinHeca KpnoBaKyyM- 
Haa HH(|)pacTpyKTypa ycTanoBKH CFEHH h naKCTbi nporpaMM BoccTanoBJieHHa 
MaTpHHHbix ajieMCHTOB H aMnjiHTy^Horo aHajiH3a. 

2.3. MsMepeHHe napaMexpoB BpameHHa cnnna npn npoMeacyTOHHbix 
3HeprHax h SapnoHHaa cneKTpocKonna 

BapHOHHaa cneKTpocKonna aBJiaexca o^hoh h3 ochob coBpeMeHHoii (|)H3hkh chjib- 
Hbix B3aHM0fleHCTBHH npH HpoMCiKyTonHbix aHcprHax. Pa3Hoo5pa3Hbie Mo^ejiH 
B3aHM0fleHCTBHa KOHCTHTyaHTOB, BKJiioHaa CTpyHHbie, flByxnacTHHHbie pejiaTH- 

BHCTCKHe H HepeJiaTHBHCTCKHC nOTeHIIHaJIbHbie MO^eJIH, MO^eJIH MeiUKOB, CKHp- 

MHOHbi H npaBHJia cyMM KXJI [24], HyiK^aioTca b ^eTajibHoii HH(|)opMaii;HH o 
Maccax, mnpHHax h Mo^ax pacna^a pe30HaHC0B. HeKOTopbie h3 axHX Mo^ejieii 
flOBOJibHO ycneiuHO onncbiBaioT cneKxp h pa^ xapaKTepncTHK a^poHOB Hepe3 
KOHCTHTyeHTHbie KBapKH. Ho CBa3H aTHX Mo^ejieii c ocHOBonojiaraioineH xeo- 
pneii KXJI He^ocTaTOHHO o5ocHOBaHbi. 

CymecTByioT npHHiinnnajibHO BaiKHbie OTKpbiTbie Bonpocbi 5apH0HH0H cneK- 
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TpOCKOnHH, B HaCTHOCTH, O pOJIH rJIIOOHHblX CTeneHeH CB050flbI npH HH3KHX 3Hep- 

rnax. HanpHMep, necMOTpa na tot (|)aKT, hto KXJI He 3anpeiu;aeT cymecTBOBa- 
HHe rnGpH^Hbix (qqqg) pesoHancoB, hh o^hh h3 TaKHX pesoHancoB He ycTaHOBJien 
3KcnepHMeHTajibH0. HMeioT MecTO h sara^oHHbie aBJienna cymecTBOBaHHa KJia- 
CTepoB pe30HaHC0B, HMeioinHX noHTH oflHHaKOBbie Maccbi, HO pa3Hbie cnHHbi. Ha- 
CTHHHoe oGtacHeHHe 3Toro 3(|)(|)eKTa, bosmojkho, co^epiKHTca b cymecTBOBaHHH 
fly5jieT0B pe30HaHC0B, BbipoiK^enHbix no neTHOCTH. HocjieflHee aBJienne MOiKeT 
5biTb oGtacHeno KaK cjie^cTBHe npaMOJiHHeiiHOCTH TpaeKTopnii Pe^iKe [25] hjih 
KaK npoaBJienne npH5jiH3HTejibHOH KHpajibHoii CHMMeTpHH KXJI [26]. 

B o5jiacTH HanajibHbix HMnyjibcoB ^o 2 FsB/c cocToaHHe 3KcnepHMeHTajibH0H 
5apH0HH0H cneKTpocKonHH Tpe5yeT cymecTBeHHoro yjiynmeHHa. B nacToainee 
BpeMa B yKasaHHOM ^Hanasone H3BecTH0 Tpn rpynnbi napiinajibHO-BOJiHOBbix 
aHajiH30B: CMB80 [27], KH80 h KA84 [28], SM90, SM95, SP98 h ^py- 
rne anajiHSbi VPI [29]. B Ta5ji. 1 npHBe^enbi xapaKTepncTHKH A-pe30HaHC0B 
BO BTopoH pe30HaHCH0H o5jiacTH no pe3yjibTaTaM 3Tnx Tpex (|)a30Bbix aHajin30B. 
j^encTBnTejibHO, no ^annbiM PDG [30] n3 20 naGjiioflaeMbix pe30HaHC0B tojibko 
nojioBnny mojkho cnnTaTb TBep^o ycTanoBJiennbiMn. Bojiee Toro, npeflCKa3a- 
nna pa3JinnHbix napu;najibHO-BOJiHOBbix aHajin30B (IIBA) 3aMeTH0 pa3JinnaioTca 
KaK B OTHomennn cneKTpa n cbohctb pe30HaHC0B, TaK n b 3KcnepnMeHTajibHbix 
Ha5jiK)flaeMbix. Bo3HnKaK)T ^aiKe Bonpocbi OTHOcnTejibno cymecTBOBanna Ka- 
3ajiocb 5bi panee TBep^o ycTanoBJiennbix pe30HaHC0B. TaK, b neaaBHen pa5oTe 
r. Xejiep npnBeji flOKa3aTejibCTBO OTcyTCTBna 5*11(1535) [31]. 

Ta5jinu;a 1: Pe30HaHCbi / = 3/2 bo BTopon pe30HaHCH0H o5jiacTn. 





Cxaxyc no PDG 


KH80 


CMB 


VPI(SM90) 


^31 (1990) 


*** 


1908(140) 


1890(170) 


Hex 


^31(1910) 


**** 


1888(280) 


1910(225) 


1950(400) 


P33(1920) 


*** 


1868(200) 


1920(200) 


Hex 


1^33(1940) 


* 


Hex 


1940(200) 


Hex 


1^35(1930) 


*** 


1901(195) 


1940(320) 


2018(400) 


^35(1905) 


**** 


1905(260) 


1910(400) 


1794(230) 


^37(1950) 


**** 


1913(224) 


1950(340) 


1884(240) 



B nocjie^nne ro^bi b CBa3n c nycKOM noBoro ycKopnTejia CEBAF (Jefferson 
Laboratory) n npnnaTon na 3JieKTpoHHbix ycKopnTejiax nporpaMMax pa3BnTna 
5apnoHHOH cneKTpocKonnn c ncnojib30BaHneM 3JieKTpoMarHnTHbix npoGnnKOB 
noBbicnjica n nnTepec k anajiornnnbiM pa5oTaM c a^ponnbiMn npoGnnKaMn. Cbe- 
aenna o napaMeTpax pe30HaHC0B na nnonnbix (Kaonnbix) nynKax neoOxo^nMbi 
fljia nHTepnpeTan;nn pe3yjibTaT0B pa5oT no 3JieKTpo- n (|)OTopoiKfleHnK) 5apnoH- 
Hbix pe30HaHC0B n nojinoTbi onncanna nx pacna^oB. 

3Ta pa5oTa npe^cTaBJiaeT co5oh npaMoe npo^ojiiKenne pa5oTbi na ycTanoBKe 
CnHH-JlM no n3MepeHnK) napaMeTpoB Bpanjenna cnnna [32, 33, 34]. 

H3MepeHna napaMeTpoB Bpanjenna cnnna, npe^cTaBJiarouine co5oh Tpy^nbin 
"flByxcnnnoBbin" 3KcnepnMenT, ^o npoBe^ennbix b HT30 onbiTOB 5biJin peajin- 
30Banbi TOJibKO Jia5opaTopnaMn nH5IO [35] n LAMPF [36] b nepBon pe3onancnoH 
o5jiacTn npn nMnyjibcax, Menbmnx 750 M3B/c, T.e. Jinnib b nepBon TpeTn pe- 
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30HaHCH0H o5jiacTH. HH(|)opMaii;Ha o napaMexpax BpaineHHa cnnna ^onojiHaeT 
aaHHbie no flH(|)(|)epeHii;HajibHbiM ceneHHaM h nojiapHsaiiHH ^o "nojiHoro onbiTa", 
no3BOJiaioiu;ero ocymecTBHTb npaMoe BoccTanoBJieHHe ynacTByioinHX aMnjiHTy^. 
OxcyTCTBHe 3thx aaHHbix npHBO^HT K TaK Ha3biBaeMbiM ^HCKpeTHbiM (BapejiJie- 
tobckhm) HeoflH03HaHHOCTaM (|)a30Boro aHajiH3a h aBJiaexca noTeniiHajibHO onac- 
HbiM fljia npaBHJibHoro Bbi5opa HCTHHHbix pemeHHH IIBA. HpHHaTbie b nacToa- 
mee BpeMa cneKxp h xapaKTepncTHKH pe30HaHC0B onnpaioTca, b ochobhom, na 
pe3yjibTaTbi BecbMa cxapbix aHajiH30B CMB h KH, ne BKjnonaioinHX ^aHHbix 
no napaMCTpaM Bpainenna cnnna. O^HOBpeMenno c axnM aHajin3bi rpynnbi VPI, 
ncnojib3ya 5ojiee noBbie n Tonnbie ^annbie, npeflCKa3biBaioT 3aMeTH0 OTJinnnbie 
napaMCTpbi pe30HaHC0B n naxo^aTca b sbhom npoxnBopennn c CMB n KH b 
npeflCKa3aHnax no napaMexpaM Bpainenna cnnna, oco5enno apKO BbipaiKennbix 
BO BTopoH pe3onancnoH o5jiacTn. 

He^aBnne n3Mepenna napaMexpoB Bpaujenna A n R [32] 5biJin npoBe^enbi 
B HT30 B coTpy^nnnecTBe c nH5IO npn nanajibnoM nMnyjibce 1.43 FaB/c 
fljia ynpyroro 7r+j9-pacceanna. 3tot nMnyjibc cooTBCTCTByeT nojioiKennio KJia- 
CTepa ceMn nonxn BbipoiK^ennbix n3o5ap c Maccon, 5jin3KOH k 1.9 FaB. Pe3yjib- 
TaTbi 3KcnepnMenTa 0Ka3ajincb neoiKn^annbiMn: ^annbie 5eccnopno no^TBep- 
anjin npeflCKa3anna VPI (pnc. 7). j^ajibnenmnn anajin3 c npnMenenneM MCTO^a 
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Pnc. 7: FEapaMCTp Bpaujenna cnnna A b peaKn;nn ynpyroro pacceanna 7r+j9 -^ 
7r+j9 npn Pj^+ = 1.43 FaB/c KaK (|)ynKn;na yrjia pacceanna b CFtM. KpnBbie — 
npeflCKa3anna (|)a30Bbix anajin30B. 3KcnepnMenTajibnbie pe3yjibTaTbi nojiynenbi 
na ycKopnTCJie HT30. 

nyjien nonepennbix aMnjinxya (mcto^ BapejiJie) [37] noKa3aji, nxo yKa3annbie 
pa3norjiacna aBJiaioTca npoaBJienncM BapejiJieTOBCKon neoflno3nannocTn, npn- 
Be^nien k Bbi5opy nenpaBnjibnon BCTBn pemenna anajin3aMn CMB n KH b 
TonKC BCTBJienna okojio 1 FaB/c. Pa3BnTne MCTO^a TpacKTopnn nyjien none- 
pennbix aMnjinxya no3BOJinjio Bnecxn KoppeKn;nio b cym;ecTByiom;ne (|)a30Bbie 
anajin3bi c ynexoM nojiynennbix ^annbix, npnBo^auiyio k ycTpanennio nx pa3no- 
rjiacnn no napaMcxpaM Bpaujenna cnnna b mnpoKOM aneprexnnecKOM flnana3one 
(CMB CONJ na pnc. 7 cooTBCTCTByex CKoppcKxnpoBannoMy anajin3y CMB). 
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AnajiHS ^HarpaMM Aprana noKasaji, hto corjiacne npe^cKasaHHH (|)a30Bbix 
aHajiH30B VPI CO CKoppeKTHpoBaHHbiMH anajiHsaMH rpynn KH h CMB cyme- 
CTBeHHO yjiynmaeTca ^Jia xopomo BbipaiKeHHbix pesoHancoB (cm. pnc. 85). B to 
iKC BpcMa B03HHKaioT cyinecTBeHHbie H3MeHeHHa napaMCTpoB pesonancoB c peii- 
THHroM TpH 3Be3flbi, CHJibHO yMCHbiuaeTca ynpyrocTb (cm. pnc. 8a); corjiacne 
B noBe^eHHH ^narpaMM Aprana yjiynmaeTca h b 3tom cjiynae; 3to, bosmojkho, 
oGtacHacT OTcyxcTBHC HCKOTopbix H3 pe30HaHC0B B pe3yjibTaTax aHajiH3a VPI 
fcM. Ta5ji. 1 Bbime). 




KH80 P33 

SM90 P33 

11/2 13/2 Rect)nKH80P33 
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Phc. 8: j^HarpaMMbi Aprana ^Jia bojih P33 (a) h F37 (5). Cnjiomnaa KpHBaa na 
o5oHX pHcyHKax o5o3HaHaeT CKoppeKTHpoBaHHbiii aHajiH3. 

HpefljiaraeTca npo^ojiiKHTb H3MepeHHa napaMcxpoB BpaincHHa b pa^e apyrnx 
KHHCMaTHHecKHX oGjiacTCH B flHana30He 1-^2 FaB/c, b KOTopbix jih5o HMCioTca 
cepbe3Hbie pa3HorjiacHa b npeflCKa3aHHax cymecTByioinHX (|)a30Bbix aHajiH30B, 
jih5o cymecTByioT nofl03peHHa na flBy3HaHH0CTb pemcHHa IIBA, nojiynenHbie 
nyTCM aHajiH3a hx noBe^eHHa mcto^om BapejiJie. 3tot mcto^, nojiy^HBiuHH 
aajibHeiimee pa3BHTHe na nepBOM axane pa5oTbi, no3BOJiaeT 3(|)(|)eKTHBH0 njia- 
HHpOBaTb Bbi5op oGjiacTCH H3MepeHHH. 

Cjie^ycT oco5o no^nepKHyTb, hto cymecTByioiuHe nnoHHbie ny^KH ycKopn- 
TCJia Y-IO o5ecneHHBaioT B03M0iKH0CTb 3(|)(|)eKTHBHoro pa3BHTHa pa5oT no H3Me- 

pCHHaM CnHHOBblX Ha5jIIOflaeMbIX ^Jia 5apH0HH0H CnCKTpOCKOnHH. YcKOpHTCJIb 

HT30 BnojiHC KOHKypeHTOcnoco5eH no cpaBHCHHio c ^pyrHMH ycKopHTCJiaMH b 
MHpe no KanecTBy h hhtchchbhocth nnoHHbix ny^KOB. 

3KcnepHMeHT npoBO^HTca b tcchom coTpy^HH^ecTBe c HeTepGyprcKHM hh- 

CTHTyTOM a^epHOH (|)H3HKH. Mbl paCCHHTblBaCM TaKiKC Ha npOflOJIiKeHHe co- 

BMCCTHOH pa5oTbi c rpynnoH VPI (BnpfliKHHHa, CIIIA) no HHTepnpcTaiiHH pe- 
3yjibTaT0B. 
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2.4. Mccjie^oBaHHe CTpyKxypbi //'- h /o-mgsohob h HsyneHHe Mexa- 

HH3Ma Me30H-HyKJIOHHOrO BSaHMO^eilCTBHa 

Itejibio 3KcnepHMeHTa aBJiaexca HSMepenne (|)opMbi cneKxpa He^ocTaioinHX Mace 
B peaKiiHH poiK^eHHa MesoHOB, a xaKiKe OTHOCHTejibHbix mnpHH hx pacna^oB ^Jia 
BbiacHeHHa KBapKOBoii CTpyKxypbi JierKoro CKajiapnoro Mesona /o(980) h npo- 
BepKH TeopeTHHecKHX npe^cTaBJieHHH o MexaHH3Me BsaHMO^eiicTBHa /o(980)- h 
7/'(958)-Me30HOB c HyKJioHaMH. CeKTop CKajiapHbix mcsohob nrpaex oneHb BaiK- 
Hyio pojib B (|)H3HKe a^poHOB. OflHaKO CTpyKTypa JierKHX CKajiapHbix mcsohob 
ao(980) H /o(980) ne Bnojine acna. Ohh Moryx 5biTb qq- hjih gggg-cocToaHHaMH, 
" MOJieKyjiaMH" hjih ^pyrHMH HecTaH^apTHbiMH cocToaHHaMH. 

TaKoro po^a HSMepenna h 3KcnepHMeHTbi c //'- h /o-Me30HaMH noKa eine ne 
BbinojineHbi Hnr^e. HacTb njiannpyeMbix H3MepeHHH MOiKCT 5biTb BbinojiHena 
Ha ycKopHTejie COSY, ho b cyujecTBeHHO 5ojiee y3KHX paMKax, t.k. MaKCHMajib- 
Haa aneprna npoTOHHoro ny^Ka COSY Bcero JiHiub 2.6 FaB. KpoMe Toro, o5cy- 
iK^aeMbie s^ecb (|)H3HHecKHe sa^a^H ne boiujih ^o chx nop b Hccjie^oBaTejibCKHe 
nporpaMMbi na COSY. 

HpefljiaraeTca Hcnojib30BaTb BHyTpeHHioio BOflopo^Hyio (^eiiTepHeByio) mh- 
lueHb H3 3aMopoiKeHHbix MHKpoKanejib ra3a (pellet target). HtoGm Bbi^ejiHTb 

THn H XapaKTep MexaHH3Ma B3aHM0fleHCTBHH 1]'- H /o-Me30HOB C HyKJIOHaMH, 

npe^jiaraeTca H3yHaTb hx b onpe^ejieHHbix H3ocnHHOBbix cocToaHHax. j^Jia axoro 
npe^nojiaraeTca H3MepaTb OKOJionoporoBoe noBe^eHHe ceneHHH peaKiinii o5pa3o- 
Banna Me30H0B b cjie^yioinHX peaKiinax: 

(8) 



pp 




pp + X , 


pd 




pd + X , 


pn 




d + X , 


pd 




'He + X , 


dd 




^He + X . 



Ha BTopoH CTa^HH 3KcnepHMeHTa npe^nojiaraeTca H3MepaTb lUHpHHbi ajieKxpo- 
MarHHTHbix pacna^oB Me30H0B c noMoinbio 5bicTporo LXe/LAV-KajiopHMeTpa: 

J]' -^ tt\\ (20.8 ±1.3)%, 
V -^ 27 (2.12 ±0.13)%. 

yjiynmeHHe tohhocth H3MepeHHa OTHOCHTejibHbix mnpHH npHMepno na nopa^oK 
npoacHHT jxQe npo5jieMbi: 

• co^epiKaHHa rjiiooHHOH KOMnoneHTbi h ^ojih CTpannbix KBapKOB b t/'; 

• CMeiUHBaHHa 7/- H 7/'-Me30HOB. 

H3MepeHHa lUHpHHbi pacna^a 



/o ^ ttOttO (- 30%) 
noMoryT npoacHHTb KBapKOByio CTpyKxypy /o-Me30Ha. 
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BnyTpeHHaa MHiuenb pellet target ^ojiiKHa 5biTb ycTaHOBJiena b o^hom h3 npa- 
MOJiHHeiiHbix npoMeiKyTKOB HOBoro TpexraBHoro ycKopHxejia (naKonHTejibHoro 
KOJibiia) HT30. HoBbiH ycKopHxejib HMeex HCKJiioHHTejibHO xopomne xapaKxe- 
pHCTHKH fljia npoBe^eHHa npeiiHSHOHHbix onbiTOB no Hccjie^oBaHHio a^poHHbix 
cneKTpoB B paiioHe 1 FaB. OxMeTHM JiHiub neKOTopbie h3 hhx: 

- BbicoKaa MOHOxpoMaTHHHOCTb ny^Ka npoTOHOB (5e3 BHemnero oxjiaiK^eHHa) 
— Aj9/j9 ~ 5 • 10-4; 

- B03M0iKH0CTb nojiyneHHa ny^KOB Majioro ^HaMexpa < 3 mm; 

CBepxBbicoKHH BaKyyM B KOJibiie, CHHiKaioinHH o5iu;hh (|)oh; 

HajiHHHe GojibiuHX npaMOJiHHeiiHbix npoMeiKyxKOB, no3BOJiaioiu;HX cboGo^ho 
pa3Meiu;aTb ^eTeKTopbi; 

B03M0iKH0CTb H3MeHaTb B lUHpoKHX npe^ejiax aneprHio ny^Ka npoTOHOB, 
iIHpKyjiHpyioinero b KOJibije ycKopHTejia. 

HpefljiaraeTca BbinojinaTb bcio nporpaMMy H3MepeHHH b ^Ba axana: 

a) OTHOCHTejibHO aemeBbiH BapnaHT c Hcnojib30BaHHeM noBopa^HBaioinero 
MarHHTa caMoro ycKopHxejia b KanecTBe MarHHTa cneKxpoMeTpa; 

5) HTo5bi noBbicHTb TOHHOCTb H3MepeHHH, cjie^yeT yBejiHHHTb aKcenTanc 
ycTanoBKH, Hcnojib3ya MarHHT hoboh cneKTpoMeTpHnecKoii CHCTeMbi. 

j^jia peajiH3aii;HH nepBoro axana SKcnepHMeHTa mm npe^JiaraeM pacnojioiKHTb 
pellet target nepe^ noBopoTHbiM MarHHTOM ycKopHTejia. 3apaiKeHHbie nacTHiibi, 
BbiJieTaioiuHe h3 tohkh B3aHM0fleHCTBHa, OTKJioHaioTca MarHHTHbiM nojieM ycKO- 
pHTejia. HocKOJibKy TOHKa B3aHM0fleHCTBHa npocTpancTBeHHO xopomo onpe^e- 
jiena, a nonepennbiH HMnyjibc npoTOHHoro ny^Ka Man, to HMnyjibc BbiJieTeBiuHX 
nacTHu; MOiKeT 5biTb onpe^ejien ^ocTaTOHHO xopomo. Hajinnne cpaBHHTejibHO 
5ojibmoH npojieTHOH 5a3bi — ^o 3-4 MexpoB no3BOJiHT ^ocTaTOHHO na^eiKHO 
HfleHTH(|)Hii;HpoBaTb nacTHiibi. CxpyKTypa TaKoii ycTanoBKH no^oGna ycTanoBKe 
COSY-11, HO npeHMymecTBa npe^JiaraeMoii cocToax b 5ojibmeM aKcenTance 
cneKTpoMeTpa h Gojibiueii aneprHH ny^Ka. 

Macca pe30HaHca (nanpHMep, b peaKiiHH (8)) MOiKex 5biTb H3MepeHa, KaK 
He^ocTaioinaa Macca k ^ByM npoTonaM, BbiJieTeBiuHM Bnepe^. HMnyjibc h 
dE/dx 3THX npoTOHOB npe^nojiaracTca H3MepaTb nepe^HHM ^eTCKTopoM, ko- 
TopbiH flOJiiKeH cocToaTb MHHHMyM H3 luecTH njiocKOCTCH nponopiiHOHajibHbix 
KaMep H TOF — dE/dx cneTHHKOBOH ^eTeKTHpyioineH CHCTCMbi. HpoTOTHnbi 
3T0H annapaxypbi peajiH30BaHbi na ycTanoBKax COSY-11 h ANKE. Hpeanojiara- 
CTca oflHOBpeMeHHO H3MepaTb apyrne BbiJieTaioiuHe 3apaiKeHHbie nacTHiibi (tt- h 

/'C-Me30Hbl) . 

2.5. ripoBepKa npaBHJia OZI 

IIpaBHJio OZI (OKy5o, D^Beiira, HHfl3yKH) [38] npeflCKa3biBaeT CHJibHoe no^aBJie- 
HHe npoiieccoB, onncbiBacMbix ^narpaMMaMH, b KOTopbix npoHcxo^HT o5pa30Ba- 
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HHe napbi KBapK-aHTHKBapK hjih ee anHHrnjiaiiHa b rjiiooHbi. Hhbimh cjioBaMH, 
B cjiynaax, Kor^a napymaeTca nenpepbiBHOCTb KBapKOBbix jihhhh (cm. pnc. 9). 



TT 



P 








f^ 



d 
U 



U 
d 



IT 



7T 



a 



5 



Phc. 9: Hpoiieccbi: a) paspemeHHbie h 5) 3anpeiu;eHHbie npaBHJioM OZI. 

HanpHMep, OTHomeHHa KBa^paTOB MaTpn^Hbix ajieMCHTOB pacna^oB ip- h cu- 
Me30H0B H /2- H /-McsoHOB, cooTBeTCTBeHHO, Ha Me30Hbi, HC co^epiKaiuHe CTpaH- 
Hbie KBapKH, paBHbi 

\M{(p -^ 7T+7T-7T^)/M{uj -^ 7r+7r-7r°)p ^ 0.01, 

|M(/2 -^ 7r+7r-)/M(/ -^ 7r+7r-)|2 ^ 0.002. 
B nocjie^Hee BpeMa Bonpoc o TinaTejibHoii npoBepKe npaBHJia OZI npHo5peji 

0C05bIH HHTepeC, HTO CBaSanO C nOHCKaMH 3K30THHeCKHX MeSOHHblX H 5apH0H- 

Hbix cocToaHHH. B 3T0M cjiy^ae b CHJiy cjioiKHoii iiBeTOBoii CTpyKxypbi xaKHX 
cocToaHHH MOiKHO oiKH^aTb cyinecTBeHHoro HapymeHHa npaBHJia OZI npn hx 
o5pa30BaHHH, HTO no3BOJiHT Jierne Bbi^ejiHTb 3K30THHecKHe oGteKTbi Ha (|)OHe 
no^aBJieHHbix npaBHJioM OZI cocToaHHH. 

Cjie^yeT 3aMeTHTb, hto 3HaHHTejibHbie HapymeHHa npaBHJia OZI Ha5jiiofleHbi 
B peaKu;Hax aHHHrHJiau;HH pp [pp -^ <^7r°, pp -^ un^ h ap. 

BbiHOJiHCHHe npaBHJia OZI HpoaHajiH3HpoBaHO coTpy^HHHecTBOM COHHKC 
(HT30-H0B3) b peaK^H5[x 



TT p ^ (^ + n 



H 



TT p ^ UJ + n 



Ha ycTanoBKe LEPTON-F npn HMHyjibce 7r~-Me30HOB 32.5 FaB/c h b npoiieccax 
o5pa30BaHHa chctcm pip m pu b HpoTOH-a^epHOM B3aHM0fleHCTBHH Ha ycTanoBKe 
COHHKC HpH aneprHH npoTonoB 70 FaB [39]. B Hocjie^HeM cjiynae H3yHajiHCb 
peaKiiHH p + N ^ (pip) -\- N n p -\- N ^ {pcu) + N. 
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JIaHHbie no ceneHHaM npoijeccoB o5pa30BaHHa ip- h a;-Me30H0B Hcnojib3o- 
BajiHCb fljia npoBepKH npaBHJia OT5opa OZI b a^poHHbix npoijeccax. Ana- 
JIH3 noKa3aji, hto ^Jia nnoHKbix peaKiinii OTHomeHHe Bbixo^oB 3thx Me30H0B 
R{iplijj) f^ (3 ± 1) • 10~^ HaxoflHTca b xopomeM corjiacHH c npeflCKa3aHHaMH na- 

HBHOH KBapKOBOH MO^eJIH, OCHOBaHHblMH Ha flaHHblX o5 yrjie CMeiUHBaHHa B HO- 

Hexe BCKTopHbix Me30H0B H Ha npaBHJie OT5opa OZI {R{iplijj)\Q^j = tan^ A6'y k. 
K. 4 • 10~^). OflHaKO B npoTOHHbix peaKu;Hax 3(|)(|)eKTHBHoe OTHomeHHe Bbixo^oB 
Lp- H a;-Me30H0B cocTaBJiaeT k, (4 ± 7) • 10~^, T.e. hmcct mccto CHJibHoe na- 
pymeHHe npaBHJia OZI b 3thx npoijeccax. Bo3MOiKHO, 3to CBH^eTejibCTByeT o 

CymeCTBOBaHHH 3K30THHeCKOH SS-KOMnOHeHTbl B KBapKOBOM cocTaBe npoTOHa. 

IIpHHHMaa BO BHHMaHHe TO, HTO npaBHJio OZI HMeeT, no-BH^HMOMy, 5ojiee 
mnpoKoe npHMeneHHe, npe^cTaBJiaeTca BaiKHbiM ero TinaTejibnaa npoBepKa b 
B03M0iKH0 5ojiee mnpoKOM Ha5ope npoijeccoB. 

2.6. riojiapHsauiHOHHbie napaMeTpbi b peaKu;Hax poac^eHHa CTpaHHbix 
HacTHu; 

H3MepeHHe cnHH-3aBHcaiu;HX napaMexpoB pacceaHHa ^onojiHHTejibHO k flH(|)(|)e- 
peniiHajibHbiM ceneHHaM aBJiaexca BaiKHoii 3KcnepHMeHTajibH0H 3aflaHeH, peme- 
HHe KOTopoH o5jierHHT H3yHeHHe (|)yHflaMeHTajibHbix BonpocoB no Gapnonnon 
cneKTpocKonnn n ^nnaMnKe cnjibHbix B3anM0fleHCTBnH c ynacxneM CTpannbix 
KBapKOB. Snanne nojiapn3au;noHHbix napaMexpoB neoOxo^nMO ^Jia 5e3MOflejib- 
Horo BoccTanoBJienna aMnjinxya n ocymecTBJienna oflH03HanHoro napu;najibHO- 
BOJiHOBoro aHajin3a. HecMoxpa na to, nxo nojiapn3au;noHHoe cocToanne A- n 
E+- (S~-) rnnepoHOB nojinocTbio onpe^ejiaeTca no acnMMCTpnn nx cjia5oro pac- 
na^a, a ^Jia TP [TP -^ A7) cnpabe^JinBO cooTHomenne (-Pa) = —^I'^Py.i to ecTb 
neT Heo5xoflnMOCTn bo BTopoM aHajin3npyioiu;eM pacceannn, 3KcnepnMeHTajib- 
Hbie ^annbie b GojibmnncTBe cjiynaeB ne^ocTaTonnbi ^Jia npaMoro BoccTanoBJie- 
nna aMnjinxya. PeaKu;nn up -^ KK{Tj) c 3KcnepnMeHTajibH0H Tonxn 3peHna 
ne OTHOcaTca k nncjiy npocTbix. HyiKHO pa3flejinTb npou;eccbi c poiK^enneM A 
n E°, KOTopbie aBJiaioTca (|)OHOBbiMn no OTHomennio flpyr k apyry. Pa3H0CTb 
Mace 3Tnx rnnepoHOB cocTaBJiaex 77 M3B. 

Ilpn P^ < 3 r3B/c (pe30HaHCHaa o5jiacTb 3HeprnH, b KOTopon oGnapyiKeno 
5ojibmoe nncjio nyKJionnbix n n3o5apHbix cocToannn) iKejiaTejibHbi 5ojiee no- 
apoGnbie n3MepeHna b 3KcnepnMeHTe c nojiapn30BaHHOH npoTonnon Mnmenbio 
napaMCTpoB noBopoxa cnnna b n^p -^ K^Tj'^ [40] fljia npoBe^enna noBoro IIBA, 
nTo5bi ycTanoBnTb CBa3b pe30HaHC0B A++ c KanajioM /'C+E+. Otmcthm, nxo 
nojiHbiH onbiT B Ti~p -^ K^ K n nocjie^yioinnH IIBA [41] npnBejin k oGnapyiKe- 
nnio cBa3n cocToannn A^(1650)S'ii, A^(1710)Pii, A^(1720)Pi3 c K°A. 5lBJiaeTca 
jin OTcyTCTBne anajiornnnbix pe3yjibTaT0B no A cjie^cTBneM ne^ocTaTKa 3kc- 
nepnMenTajibHbix ^annbix njin nMeexca (|)n3nnecKaa npnnnna cymecTBennoro 
pa3Jinnna MCiK^y A n A^* — Bonpoc, otbct na KOTopbin mo^kct 5biTb nojiynen 
na ocnoBe hobbix n3MepeHnH. 

Ilpn P^ > 3 r3B/c n3Mepenne nn^nBn^yajibnbix cnnpajibnbix aMnjinxya 
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B 5HHapHbix peaKiinax 7T~p -^ K^A, 7T~p -^ K^E^, 7T~^p -^ /'C+E+ o5ecne- 

HHT npaBHJIbHblH Bbl5op MeiK^y KOHKypHpyiOIUHMH (|)eHOMeHOJIOrHHeCKHMH MO- 

flejiaMH [42], ocHOBaHHbiMH Ha (|)yHflaMeHTajibHO pasjinnaioinHxca (|)H3HHecKHX 
nocTyjiaTax: pe^iKe-nojiiocHbie Mo^ejiH h Mo^ejiH CHJibHoro norjioineHHa. H xe 
H apyrne BocnpoHSBO^aT o^HHaKOBO xopomo HMeioinHeca ^aHHbie no flH(|)(|)e- 
peniiHajibHbiM ceneHHaM h HopMajibHoii nojiapHsaiiHH, ho npe^cKasbiBaioT pe3K0 
pa3JiHHaioiu;eeca noBe^eHHe napaMexpoB noBopoxa cnnna. HoaTOMy, nanHHaa 
c KOHiia 60-x roflOB, b pa5oTax, nocBaineHHbix anajiHsy noaBJiaioinHxca BpeMa 
OT BpeMCHH 3KcnepHMeHTajibHbix aaHHbix, HeoflHOKpaTHO no^nepKHBaeTca aK- 
TyajibHOCTb H3MepeHHH napaMCTpoB noBopoxa cnnna. IIocTaBJieHHbiH c 3toh 
iiejibio 3KcnepHMeHT S134 b ItEPHe b 1975 ro^y saKOHHHJica Hey^anHO, Tax 
KaK Tpe5oBajiHCb 5ojiee coBepmeHHbie xpeKOBbie ^eTeKTopbi. Sa^ana paccMa- 
TpHBajiacb H B 5ojiee mnpoKOM njiane — H3MepHTb napaMCTpbi b KpoccHHr- 
CHMMeTpHHHbix peaKiiHax c iiejibio pas^ejieHHa BKJia^oB BCKTopnoro /'C*(890)- 
H TeH3opHoro /'C*(1420)-o5MeHOB c HaTypajibHoii neTHOCTbio [43]. Hpn cpaBHe- 
HHH peaKiiHH c oGmchom rnnepsapa^oM h peaKiinii nepesapa^KH {7T~p -^ n^n h 
7r~p -^ r]n — cooTBeTCTBCHHO p- H a2-o5MeHbi) Ha5jiioflaeTca anoMajibHoe pa3- 
jiHHHe B noBe^eHHH flH(|)(|)epeHii;HajibHbix ceneHHH, KOTopoe mo^kct naiiTH CBoe 
oGtacneHHe b paMKax Mo^ejieii, CBasannbix c HenepTyp5aTHBH0H KXJI [44]. 

Cjie^yioinaa HHTepecnaa cepna aKcnepHMCHTOB OTHOCHTca k KBasH^Byxna- 
cTHHHbiM peaKiinaM 7T~p -^ /'C*(890)A h 7T~p -^ /'C*(890)E° na Bo^opo^HOH 
MHiueHH. JIocTynHO H3MepeHHe ajieMCHTOB MaTpniibi hjiothocth K* -^ K~^7r~, 
HopMajibHOH nojiapHsaiiHH A, E° h yrjioBbix Koppejiaiinii BTopn^Hbix HacTHu; b 
/'C*(890)A, HTO no3BOJiaeT nojiy^HTb HH(|)opMaii;Hio o5 ajieMCHTax ^bohhoh Ma- 
TpHiibi njioTHOCTH /'C*(890)A. B pesyjibTaxe y^aeTca BoccTanoBHTb mecTb aM- 
njiHTya A±,S±,D±, CKOHCTpynpoBanHbix h3 cnnpajibKbix aMnjiHTya -^aa'' ^^^ 
A, A' H /i — cnnpajibHOCTH npoTona, A h K* , cooTBeTCTBeHHO, nanpHMep, 
A± = {F^_^ =p iF^_)/y/2 . MoryT 5biTb BoccTanoBJieHbi OTHOCHTejibHbie (|)a3bi b 
npe^ejiax KaiK^oro h3 ^Byx Ha5opoB aMnjiHTya {A'^ , S~ , D~^) h {A~ , S~^ , D~). 
OTHOCHTejibHaa (|)a3a MeiK^y 3thmh ^ByMa Ha5opaMH mo^kct 5biTb onpe^e- 
jiena h3 aKcnepHMCHTa c npoflOJibHO-nojiapH30BaHHOH MHiueHbio. B 3thx pe- 
aKiinax pa3pemeH oGmch c naTypajibHoii h HenaTypajibHOH neTHOCTbio. Coot- 
BeTCTBCHHO BKJia^bi oGmchob c HaTypajibHOH H HenaTypajibHOH neTHOCTbio b 
flH(|)(|)epeHu;HajibHoe ceneHHe OHpe^ejiaioTca BbipaiKCHHaMH {pn + pi_i)du / dt h 
(1 — pii — pi_i)da/dt, cooTBCTCTBeHHO. HpeflCTaBJiaeT HHTepec cpaBHenne bcjih- 
HHH {pii + pi_i)da I dt fljia ^'p -^ K*(890)A(E°) h da/dt ^Jia Tf-p -^ K^k{YP), a 
TaKiKe cooTBeTCTByioinHX H0JiapH3au;HH. B ^annbix, nojiyneHRbix na ny3bipbK0- 
Bbix KaMepax, mojkho yBH^eTb yKa3aHHe na cymecTBeHHoe pa3JiHHHe b noBe^eHHH 
npHBe^eHHbix BejiHHHH b o5jiacTH Majibix nepe^aHHbix HMnyjibcoB. Tpe5yioTca 
5ojiee TOHHbie 3KcnepHMeHTajibHbie ^aHHbie, HTo5bi BoccTanoBHTb aMnjiHTy^bi, b 
HacTHOCTH, TaKiKe, HTo5bi onpe^ejiHTb BejiHHHHy (|)a3bi MeiK^y ^ByMa nanGojiee 
BaiKHbiMH aMnjiHTy^aMH A+ h S- . Cjie^yeT OTMCTHTb, hto cnHH0-3aBHcaiu;He 
napaMCTpbi peaKiiHH 7r~j9 -^ /'C*(890)A, H3MepeHHbie na Bo^opo^HOH MHiueHH, b 
Toii iKe CTeneHH HH(|)opMaTHBHbi, HTO H H0JiapH3au;H0HHbie aaHHbie b Ti~p -^ p^n, 
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nojiyHeHHbie na nonepeHHO-nojiapH30BaHHOH MHiueHH [45]. 

ZIpyraa sa^ana, ^Jia pemeHHa KOTopoii iKejiaTejibHbi nojiapHsaiiHOH- 
Hbie H3MepeHHa, OTHOCHTca k npo5jieMe "sanpeineHHoro" pacceaHHa Bnepe^ 
B 7r~p -^ K^Tj~ ^ KOTopoe Morjio 5bi ocymecTBJiaTbca Gjiaro^apa oGMeny 3K3o- 
THHecKHM /"CTT-pesoHaHCOM c / = 3/2. EcjiH oGmch He 3K30THHecKHH, a ocy- 
mecTBJiaeTca ^ByMa nacTHiiaMH (nanpHMep, Kn hjih pK*), to HHTep(|)epeHii;Ha 
cooTBeTCTByioinHX aMnjiHTya MOiKCT npHBecTH K nojiapHsaiiHH A h3 pacna^oB 
E~(1385) -^ Att". IIoKa hhk npn pacceaHHH Bnepe^ b 3toh peaKiiHH He y^ajiocb 

oGtaCHHTb HH 3a CHCT KaKHX-JIH5o H3BeCTHbIX KHHeMaTHHeCKHX OTpaiKeHHH, HH 

npocTbiMH s-KanajibRbiMH 3(|)(|)eKTaMH [45]. 

CymecTByeT no KpaiiHeH Mepe ^Ba 3KcnepHMeHTajibHbix CBH^eTejibCTBa Toro, 
HTO npoiieccbi c A h E° Moryx 5biTb pa3flejieHbi. B 3KcnepHMeHTe c MarHHTHbiM 
cneKTpoMeTpoM 3to y^ajiocb c^ejiaTb 3a cnex xopomero pa3pemeHHa no ne^o- 
CTaioineH Macce k K^ npn 4 FsB/c [46]. B Bo^opo^nbix KaMepax n3Mepajincb 
KnneMaTnnecKne napaMCTpbi Bcex 3apaiKeHHbix nacxnu;, n pa3flejieHne ocyme- 
CTBJiajiocb no x^- TaxnM o5pa30M, ecjin b MarnnxnoM cneKxpoMeTpe Bepninn- 
HbiH flexeKTop 5yfleT oGjia^axb CBoncTBaMn ny3bipbK0B0H KaMepbi, 5jin3KnM k 47r 
aKcenTancoM, n BbicoKnM nMnyjibcnbiM pa3pemeHneM, to nepenncjiennbie Bbinie 
peaKu;nn Oy^yx n3yneHbi na 5ojibmoM CTaTncTnnecKOM Maxepnajie. TaxnM Bep- 
mnnnbiM ^eTCKTopoM mo^kct 5biTb BpeMa-npoeKu;noHHaa flpeH(|)OBaa KaMepa. 

2.7. rioHCK aHOMajibHbix aBJieHHH b noporoBOM noBe^eHHH ceneHHa 
poac^GHHa ^Byx rnnepoHOB b pp-BsaHMO^eiiCTBHH 

C u;ejibio npoBepKn TeopeTnnecKnx Mo^ejibHbix npeflCKa3aHnH o cymecTBOBannn 
rnnepoH-rnnepoHHbix CBa3aHHbix cocToannn npe^JiaraeTca npoBecxn nccjie^oBa- 
nne noporoBoro noBe^enna peaKu;nH c poiK^enneM nap rnneponoB njin KacKa^nbix 
rnnepoHOB, conpoBOiK^aioinnxca BbiJiexoM ^Byx /'C+-Me30H0B n noncK a^ponnbix 
CBa3aHHbix cocToannn c flBonnon CTpannocTbio. 

Hccjie^oBanne noporoBoro noBe^enna peaKu;nH c poiK^enneM ^nrnnepona 
njin KacKa^Hbix rnneponoB, conpoBOiK^aioinnxca BbiJiexoM ^Byx /'C+-Me30H0B, 
B npoTOH-npoTOHHbix n npoTOH-a^epHbix CTOJiKHOBennax npe^cTaBJiaeT 5ojib- 
nioH TeopeTnnecKnn n 3KcnepnMeHTajibHbiH nnTepec. CBa3aHHbie cocToanna co 
CTpannocTbio —2b cncTCMe ^Byx rnneponoB n rnnepon-nyKJiona npeflCKa3aHbi 
KXJI, HO flo cnx nop ecTb Jinnib yKa3aHna na rnnepon-nyKJionnbie KBa3naflpa. 

rnnepoH-rnnepoHHbie CBa3aHHbie cocToanna noKa ne naGjiioflajincb, xoxa 
nMenno 3flecb Moryx 5biTb nanflenbi nyxn k pemennio npo5jieMbi cymecTBOBa- 
nna "cTpannon aaponnoH MaTepnn". OnbiT npe^nojiaraeTca npoBecxn na Bny- 
TpenneM nynxe cnnxpoTpona HT30. B KanecTBe Mnnienn Oy^yx ncnojib30BaHbi 
TOHKne a^epHbie Mnnienn n Kpnorennaa Mnmenb-nniKeKTop 3aMopoiKennbix Mn- 
KpoKanejib pa3Jinnnbix ra30B (pellet target), b tom nncjie Bo^opo^a n ^eiiTepna. 
ByayT n3ynaTbca cjie^yiomne peaKn;nn: 
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PeaKiina 


P„opo„ TaB/c 


pp -^ 


F(2220) 


+ 


K+K+ 


4.45 


pp -^ 


AA 


+ 


K+K+ 


4.485 


pp -^ 


AEO 


+ 


K+K+ 


4.757 


pp -^ 


E+E" 


+ 


K+K+ 


5.08 


pp -^ 


E'n 


+ 


K+K+ 


4.567 


pp -^ 


E-p 


+ 


K+K+ 


4.585 


pp -^ 


ppK K 


+ 


K+K+ 


6.9 



B npe^JiaraeMOH nocTanoBKe onbixa ycKopHTejib aBJiaexca nacTbio 3Kcne- 
pHMeHTajibHOH ycTanoBKH. K^-MesoHbi Oy^yx Bbi^ejiaTbca MHorocjioiiHbiM 
fleTeKTopoM-HfleHTH(|)HKaTopoM, a Hx TpeKH perncTpHpoBaTbca nponopiiHonajib- 
HbiMH KaMepaMH. 

PeaKIIHH J9J9-B3aHMOfleHCTBHa C 05pa30BaHHeM flByX K^-MeSOHOB HMeiOT 

BecbMa HeGojibiuHe ceneHHa h, noaxoMy, Hccjie^oBaHbi He^ocTaTOHHO no^poGHO, 
xoTa HCKOTopbie HX acneKTbi npe^cTabJiaioT HecoMHeHHbiii HHTepec. Hporpecc b 
TexHHKe 3KcnepHMeHTa no3BOJiaeT na^eaTbca nojiy^HTb HOBbie CBe^eHHa o5 3thx 
npoiieccax. 

HpHBe^eM HCKOTopbie h3 H3BecTHbix aaHHbix. B pa5oTe [47] npn HMnyjibce 
HajieTaioinHx npoTOHOB 5.4 h 5.9 FaB/c npHBe^enbi 3HaHeHHa 23.4 ± 10.0 h 
360 ± 90 h5 fljia HHKJiio3HBHoro ceneHHa poiK^eHHa ^Byx /'C+-Me30H0B. Xojim- 
rpen h ap. [48] nojiy^HJiH npn HMnyjibce npoTOHOB 10 FaB/c BejiHHHHy ceneHHa 
7 ± 5 mk5 fljia Kanajia KKE~ . B [49] H3MepeH0 HHKJiio3HBHoe ceneHHe poiK^e- 
HHa S" npn 19.1 FaB/c: 30 ± 20 mk5. 

Fpy5bie oiieHKH ceneHHii peaKiinii c o5pa30BaHHeM ^Byx /'C+-Me30H0B b5jih3h 
nopora poiK^eHHa rnnepoHKbix nap npHBO^aT k BejiHHHHaM 3thx ceneHHH ot 
100 n5 flo 1 h5. 

FeaKiina j9j9-B3aHMOfleHCTBHa, Kor^a b KOHennoM cocToaHHH o5pa3yioTca ^Ba 
/'C+-Me30Ha, HHTepecHa eine h noTOMy, hto b neii ^ojiiKHa npoaBHTbca rn- 
noTeTHHecKaa nacTHiia — i7°-flH5apHOH co CTpaHHOCTbio —2, npeflCKa3aHHaa 
JIiKa(|)(|)e [50] B 1977 ro^y. Pa5oTa [47] KaK pa3 h nocBainena noHCKy 3Toro ^h- 
5apH0Ha. B neii nojiynenbi BepxHHe npe^ejibi ceneHHH poiK^eHHa H^ . Tax, npn 
5.1 FaB/c H fljia HHTepBajia Mace 2.1 -^ 2.33 FaB nojiyneno orpaHH^eHHe 50 h5. 
j^jia HMnyjibca npoTOHOB 5.4 FaB/c b HHTepBajie 2.1 -^2.23 FaB BepxHHH npe^eji 
40 h5, a fljia HHTepBajia 2.23 -r 2.35 FaB — 30 h5. 



B pa5oTax [51] h [52] b (|)OToaMyjibCHH Ha5jiioflajiHCb rnnepa^pa AA-Be 
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H 



AA-^e^, HTO flejiaeT o5jiacTb 1.9 -r 2.2 FaB ^Jia Maccbi H^ MajioBepoaTHoii. O^- 
HaKO, B nocjie^Hee BpeMa 5biJiH npe^npHHaTbi nonbiTKH naiiTH axoT anGapHOH co 
BpcMeHCM iKH3HH 10 HCCK H Bbiiue (o5jiacTb Macc 2.15 FaB H HHiKe). TaK, B pa- 
5oTe [53] nojiyneHO orpaHH^eHHe na cencHHe poiK^eHHa ^HGapHona co BpeMCHCM 
iKH3HH 5ojibme 10~^ cck b CTOJiKHOBCHHax npoTOHOB c HMnyjibcoM 24.1 FaB/c 
c a^paMH njiaTHHbi — 1 M5/cp. 

B BpyKxeHBCHe npo^ojiiKaioTca 4 aKcnepHMCHTa no noncKy i7-fln5apnoHa. 
HpnBo^nMbie nniKC CBe^enna B3aTbi n3 neGojibmoro o53opa [54]. 
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B 3KcnepHMeHTe E813 Hccjie^yeTca peaKiina K~p -^ K~^'E~ c ocTanoBKOH rn- 
nepoHa b ^eiiTepHeBOH MHiueHH h o5pa30BaHHeM KBasnaTOMa, KOTopbiii Mor 5bi 
npeBpaTHTca b H^ h neiiTpoH. CnHMaeTca cneKxp neiiTpoHOB, b KOTopoM hcko- 
MOH peaKiiHH flOJiiKHa cooTBeTCTBOBaTb MOHOxpoMaTHHecKaa JiHHHa. CnrHaji o 
cymecTBOBaHHH H^ noKa He oGnapyiKeH, onbiT npo^ojiiKaeTca. 

3KcnepHMeHT E888 Haiiejien na perncTpaiiHio pacna^oB H^ na Jiexy no mo- 
flaM H^ -^ An hjih E^n. j^HGapHOHbi poiK^aioTca ny^KOM npoTOHOB c HMnyjibcoM 
24 FaB/c na a^epHoii MHiueHH. PesyjibxaT HOKa OTpHH;aTejibHbiH, ohmt Hpo^oji- 
iKaeTca. 

3KCHepHMeHT E836 3T0 paSBHTHe E813 C HCH0JIb30BaHHeM O^HOH MHHieHH 

— ^He. B 3T0M cjiynae K~ +^ He -^ K^H^n. 3KCHepHMeHTajibHbix ^annbix 
HOKa Hex. 

B pa5oTe [55] npn CTOJiKHOBeHHH pejiaTHBHCTCKHX hohob Au c a^paMH HJia- 
THHbi HOJiyneno orpaHHueHHe na ceueHHe poiK^eHHa i/^-a^ep [H^ ^He) h (H^ d) 
nopa^Ka 10~^ mG/FsB^ okojio y = 0.6 h pt/Z = 0.18 FaB/c. 

B eiKero^HOM OTuexe HHCTHTyTa a^epHbix Hccjie^oBaHHH yHHBepcHTeTa To- 
KHO npHBe^ena pa5oTa [56], r^e Hccjie^yeTca poiK^eHHe H^ na a^pe yrjiepo^a 
A^-MesonaMH, h ^Jia o5jiacTH Mace 2200 -r 2230 MaB nojiyueno orpaHHueHHe 
0.6 -r 0.7% OT eeuenna poiK^eHHa S~. 

B pa5oTax [57] h 5ojiee pannHX Tex iKe aBTopoB oGnapyiKeHa ijejiaa rpynna ^h- 

5apH0H0B, HO OrpaHHHeHHOCTb CTaTHCTHKH He H03B0JiaeT CHHTaTb HX Ha^eiKHO 

ycTaHOBJieHHbiMH. CeneHHa poiK^enna H^ npoTonaMH c HMnyjibcoM 10 FaB/c 
Ha nponane, corjiacHO 3thm pa5oTaM, paBHO 40 h5 {ttih = 2.174 FaB). Ceue- 
HHa poiK^eHHa cocToaHHH CO CTpaHHOCTbio —2 H MaccoH, Gojibiueii, ucM Macca 
flByx A, paBHbi flecaTKaM MHKpo5apH. 

B pa5oTe [58] npn Hccjie^oBaHHH BsaHMOfleiicTBHH neiiTpoHOB c a^paMH o5- 
HapyiKCHO flBa co5biTHa, ^onycKaioinHX HHTepnpeTaiiHio KaK poiK^eHHe h nocjie- 
ayioinHH pacnaa H^ . BejiHUHHa ceucHHa oiieHena aBTopaMH b 138 h5 na a^po 
yrjiepo^a. HeiiTpoHbi hmcjih mnpoKHH cncKxp c MaKCHMyMOM okojio 8 FaB/c. 

Hsyueniie no^noporoBoro o5pa30BaHiia cocToaniiii c y^BoeHHoii CTpaHHOCTbio 
npoBOfliiJiocb B HT30 b iiccjie^oBaHiiii aHHiiriiJiaiiiiii aHTiinpoTOHOB c a^paMii 
Kcenona. Hccjie^oBajiacb peaKijiia p + Xe -^ K^K^YY + X ii nojiyueno Jiyu- 
mee b nacToainee BpcMa orpaHiiueniie na BepoaxHOCTb poiK^eniia i7-flii5apiioHa 
{S = —2) B aHTiinpoTOHHbix BsaiiMo^eiicTBiiax [59, 60]. 

TaKiiM o5pa30M bii^ho, uto iiccjie^oBaHiie BsaiiMo^eiicTBiiH riinepoHOB ii, oco- 
5eHH0, noiicKii i7-flii5apiioHa {S = —2) aBJiaioTca b nacToainee BpcMa o^hiim 
113 BaiKHeiimiix HanpaBJieniiii b (|)ii3iiKe ajieMCHTapHbix uacTiiu;. TaKiie iiccjie- 
flOBaniia npoBo^axca nouTii bo bccx KpynHeiimiix ycKopiiTCJibHbix Jia5opaTO- 
piiax Miipa. HsyucHiie noBe^eniia riinepoHHbix nap na nopore poiK^enna b pp- 
BsanMo^encTBnax, necoMHenno, ^acT BaiKnenmyio nH(|)opMau;nio KaK ^Jia npo- 
BepKn Mo^ejibHbix npe^cKasannn n anajinsa BsanMo^encTBnn rnneponoB, xaK n 
pemenna npo5jieMbi "cTpannon Maxepnn". 
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2.8. rioHCK pacna^a u -^ 7r+7r~7 

Hccjie^oBaHHa ajieKxpoMarHHTHbix pacna^oB a^poHOB nrpaioT BaiKHyio pojib 
B (|)H3HKe 3JieMeHTapHbix HacTHu;. 3th npoiieccbi, onpe^ejiaeMbie BsaHMO^eii- 
CTBHCM peajibHbix H BHpTyajibHbix (|)OTOHOB c 3JieKTpHHecKHMH sapa^aMH KBap- 
KOB, no3BOJiaioT nojiy^HTb ynHKajibnyio HH(|)opMaii;Hio o xapaKxepe pasjiHHHbix 
KBapKOBbix KOH(|)Hrypaii;HH b a^ponax. Bojibiuoii HHTepec Bbi3biBaioT pa^na- 
iIHOHHbie pacna^bi JierKHX BCKTopHbix mcsohob. j^Jia hx anajiHsa 5biJia pa3- 
BHTa Teopna 3(|)(|)eKTHBHoro KHpajibHoro JiarpaniKHaHa, onncbiBaioinero B3aH- 
Mo^eiicTBHe BCKTopHbix H nceBflocKajiapHbix MesoHHbix nojieii. B paMKax 3Toro 
noflxo^a y^ajiocb onncaTb pacna^bi THna V -^ P7 (nanpHMep, a;,/) ^ 7r7 h 
T.n.), BBe^a Bcero o^Hy KOHCTaHTy CBa3H BCKTopHbix h nceB^ocKajiapHbix no- 
Jieii Qyyp = 7 -r 10 r3B~^. OnncaHHe iKe pacna^oB V -^ PP'j ((jj,p,(j) -^ tttt'j) 
HaTajiKHBaeTca na Heonpe^ejieHHOCTH, CBasaHHbie c BKJia^oM t.h. anoMajibHoro 
Becc-3yMHHOBCKoro HJiena b JiarpaniKHaHe, a xaKiKe na B03M0iKHbiH BKJia^ neTbi- 
pexKBapKOBbix CKajiapHbix mcsohob V -^ 6*7 -^ ttttj. no3TOMy HSMepenne pac- 
na^oB V -^ PPj no3BOJiHJio 5bi npoBepHTb na hobom KJiacce pacna^oB Teopnio 
3(|)(|)eKTHBHoro KHpajibHoro JiarpaHiKHaHa, 5ojiee tohho onpe^ejiHTb napaMCTpbi 
Mo^ejiH H oiieHHTb pojib MHoroKBapKOBbix cocToaHHH B 3THX pacna^ax. 

OflHaKO flo HacToainero BpeMenn hh o^hh h3 xaKHX pacna^oB He 5biJi naii- 
flCH B 3KcnepHMeHTe (ncKJiioHeHHe cocTaBJiaeT pacna^ p -^ 7r+7r~7, KOTopbiii 
H^eT 3a CHCT TopM03Horo H3JiyHeHHa, HTO He no3BOJiaeT Ha5jiioflaTb o5cyiKflae- 
Mbie 3flecb 3(|)(|)eKTbi, HMeioiuHe cymecTBeHHO Menbiuyio BepoaTHOCTb). HanGo- 
jiee 5jih3ko cymecTByioiuHe 3KcnepHMeHTbi npH5jiH3HJiHCb k oGnapyiKeHHio pac- 
na^a cu -^ 7r+7r~7, napiinajibHaa BepoaTHOCTb KOToporo oiKH^aeTca na ypoBHe 
(3 -r 5) • 10~^, npH BepxHeii rpaHHiie b 3 • 10~^ (na 95% ypoBHe ^ocTOBepHOCTH), 
flocTHrHyTOH B 3KcnepHMeHTe ASTERIX b CERN [61]. Pacna^ cu -^ 7r+7r~7 
HMeeT eine h oco5biH HHTepec. B neM BepoaTHOCTH TopM03Horo MexaHH3Ma h 
CTpyKTypHoro (Becc-3yMHHOBCKoro) HMeioT o^hh h tot iKe nopa^oK, no3TOMy, b 
npHHiinne, mo^kho Ha5jiioflaTb HHTep(|)epeHii;HOHHbie 3(|)(|)eKTbi 3thx MexaHH3M0B. 
Pacnaa cu -^ 7r+7r~7 HCKajica c 60-x ro^oB, CHanajia b ny3bipbK0B0H KaMepe, a 
3aTeM Ha 5ojiee cjioiKHbix ycTanoBKax: na BCTpe^Hbix e+e~-nyHKax b Hoboch5hp- 
CKe, Ha GojibHiHX MarHHTHbix CHeKTpoMeTpax JIEHTOH-O na ny^Ke 38 r3B/c 
OTpHiiaTejibHbix nnoHOB b HOB3 h na ASTERIX na ny^Ke ocTanaBJinBaioinHxca 
aHTHnpOTOHOB B CERN. 

YcKopHTejib HT30 HMeeT ny^KH nnoHOB h npoTOHOB, onTHMajibHbie ^Jia 
noHCKa 3Toro pacna^a. HanGojibiuee ceneHHe poiK^eHHa cu HMeeT b peaKiiHH 
7r~p -^ cun npH 3HeprHax b5jih3h nopora (nopor 1.1 r3B/c). O^naKO, ^Jia no- 
HCKa pacna^a Tpe5yeTca BbicoKOTOHHaa perncTpaiiHa HMnyjibcoB neiiTpoHa h 
7-KBaHTa. JIpyroH nyTb — 3to poiK^eHHe cu b peaKiiHH pp -^ ppcu. CeneHHe 
3T0H peaKiiHH b5jih3h nopora ne^aBHO 5biJio H3MepeH0 na ycKopHTejie CaTypn 
B CaKJie. Oho cocTaBJiaeT 1 mk5 npn 3HeprHH npoTOHOB Tp = 1940 M3B (no- 
por 1890 M3B, p = 2.67 r3B/c). Ilpn nnTencnBHOCTn npoTonoB 10^ 3a c5poc, 
1000 c5pocax b nac n ^Jinne iKn^KOBOflopoflHon Mnnienn 25 cm Gy^cT poiK^aTbca 
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10^ (jj/'^ac. EcjiH opneHTHpoBaTbca na npe^cKasbiBaeMyio BepoaTHOCTb pacna^a 
5 • 10~^ H 3(|)(|)eKTHBH0CTb perHCTpaiiHH pacna^a 0.1 -r 0.01, to 3a 100 nacoB 
pa5oTbi MOiKHO 5yfleT saperHCTpnpoBaTb 50 -r 5 pacna^oB. TaKHM o5pa30M hmc- 
lOTca BbicoKHe mancbi oGnapyiKHTb 3tot pacna^ na oiKH^aeMOM ypoBHe. 



2.9. MsMepeHHe 3JieKTpoMarHHTHbix (|)opM-(|)aKTopoB //-, 

MeSOHOB 



V' 



H LO- 



CxpyKTypa a^poHOB aBJiaexca BaiKHbiM tcctom ^Jia HenepTyp5aTHBHoro pe- 
iKHMa KBaHTOBOH xpoMOflHHaMHKH. Pacnpe^ejieHHe sapa^a h MarneTHSMa b 
a^poHax onncbiBaeTca cooTBeTCTByioinHMH (|)opM-(|)aKTopaMH. B to BpeMa KaK 
npocTpaHCTBeHHO-noflo5Hbie (|)opM-(|)aKTopbi HsyneHbi ^OBOJibHO xopomo, nanpn- 
Mep, B pacceaHHH ajieKxpoHOB, bo BpeMeHHnoflo5HOH o5jiacTH ajieKxpoMarHHTHbie 
(|)opM-(|)aKTopbi H3BecTHbi HJioxo. Ohh MoryT 5biTb HsyneHbi nyxeM Ha5jiiofleHHa 
H3JiyHeHHa ^HJienTOHOB hjih JIajiHTii-pacnaflOB 5apH0HHbix pesoHancoB hjih neii- 

TpaJIbHblX Me30H0B. 

HsyneHHe nepexo^Hbix npoijeccoB THna pnc. 10 bo BpeMeHHnoflo5HOH o5jia- 



F..(q=) 


/. 






V 

/l/l 




q' = mV,- 


>0 

1 + 


A / ' 
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Phc. 10: Onpe^ejieHHe nepexo^Horo (|)opM-(|)aKTopa F^b (a) h nepexo^Hbiii (|)opM- 
(|)aKTop npH JIajiHTii-pacnafle nceB^ocKajiapHoro Mesona (5). 

CTH (g^ = mfi > 0) fljia HeiiTpajibHbix mcsohob no3BOJiaeT onpe^ejiHTb nepe- 
xoflHbiH (|)opM-(|)aKTop, xapaKTcpHsyioinHH cjioiKHyio ^HHaMHHecKyio CTpyKTypy 
nepexo^HOH BepiuHHbi. 3to bosmojkho ocymecTBHTb nyxeM HSMepenna cneKxpa 
3(|)(|)eKTHBHbix Mace JienTOHHbix nap 



,2m2 



^ 2 2 

v? =^1 + 1- 



r^e [dV Idq^ 



dV/dq = (dT/dq )tohehhoe • \FAB{q )[ 

)tohehhoe ^ cneKTp Mace ^HJienTOHOB npn TonennoM BsaHMO^eiicTBHH 



no K3JX. 

B pa5oTe [62] na ycTanoBKe "Lepton-G", oGjiynennon nynKOM 7r~-Me30HOB 
c nMnyjibcoM 32.5 FaB/c CepnyxoBCKoro ycKopnTejia, nsynajincb nepexo^nbie 
npou;eccbi 



T] -^ fl^fl 7 , 



B peaKiiHax 
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rl -^ /i+/i"7 , 



7 



7T~p -^ fi^ ii~^i^in 



KaK BH^HO H3 pHC. 11, flaHHbie no nepexo^HOMy (|)opM-(|)aKTopy //-Mesona hmciot 
xopomyio CTaTHCTHnecKyio oGecneneHHOCTb (o5pa3eii; co^epiKaji k, 500 coGbithh 
pacna^oB i] -^ ji^ ii~'^). O^naKO ^aHHbie no //'- n a;-Me30HaM CTaTncTnnecKn ne 



a) 6) b) 

Pnc. 11: 3KcnepnMeHTajibHbie ^annbie no nepexo^nbiM (|)opM-(|)aKTopaM n npe^- 
CKasanna TeopeTnnecKnx Mo^ejien. HyHKTnpnaa KpnBaa na pnc. 5) - npe^cKa- 
3anna nejioKajibnon KBapKOBon Mo^ejin. Ha pnc. b): KpnBaa 1 pesyjibxaT 3kc- 
Tpanojian;nn SKcnepnMenTajibnbix ^annbix, KpnBaa 2 npe^cKasanna VDM c 
MOfln(|)nn;npoBannbiM /)-nponaraTopoM, KpnBaa 3 npe^cKasanna VDM. 

o5ecnenenbi (o5pa3en; //' co^epiKaji ~ 25 coGbiTnn, a a;-Me3onoB - ~ 50). CpaB- 
nenne SKcnepnMenTajibnbix ^annbix c pacnexaMn no Mo^ejin BCKTopnon ^OMn- 
nanxnocTn (VDM) no3BOJiaeT c^ejiaTb cjie^yiomee 3aKJiionenne. 

1. j^Jia 7/-Me3ona SKcnepnMenTajibnbie ^annbie y^oBJieTBopnTCJibno corjiacy- 
lOTca c npeflCKa3annaMn Mo^ejin VDM. 

2. j^Jia 7/'-Me3ona SKcnepnMenTajibnbie ^annbie nMcioT cjinniKOM 5ojibmne 
omn5Kn, ne no3BOJiaiom;ne npoBccxn na^eiKnoe cpaBnenne c pacnexaMn no 
Mo^ejin VDM. 
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3. 3KcnepHMeHTajibHbie ^aHHbie ^Jia a;-Me30Ha npoTHBopenaT npe^cKasaHHaM 
VDM, oco5eHHO npn Gojibiuhx q^ = m^+. Pa3HHii;a npeBbimaeT 4 CTan- 

aapTHblX OTKJIOHeHHa. 



y^HTbiBaa, HTO npHBe^eHHbie ^aHHbie nojiyneHbi TOJibKO b o^hoh pa5oTe, 
npe^cTaBJiaeTca BaiKHbiM npoBecTH TinaTejibHbie HSMepenna nepexo^Hbix (|)opM- 
(|)aKTopoB HeiiTpajibHbix mcsohob t/, t/', lo^ a xaKiKe (^-Mesona {ip -^ r]l^l~). 

IIpH HMnyjibce 7r~-Me30HOB 4-^5 FaB/c ceneHHe o5pa30BaHHa HeiiTpajibHbix 
Me30H0B HaMHoro Bbime, hcm npn HMnyjibce 32.5 FaB/c. HanpHMep, ceneHHe pe- 
aKiiHH 7r~p -^ nu) npn HMnyjibce 3 -r 5 FaB/c cocTaBJiaeT f^ 1.5 -r 2.0 m5, a npn 
HMnyjibce 32.5 FaB/c Bcero JiHiub k, 0.003 m5. AnajiornHHaa KapTHHa Ha5jiio- 
flaeTca h ^Jia //-, //'-, (^-mcsohob. noflo5Hbie HSMepenna na ycKopHTejie HT30 
BnojiHe B03M0iKHbi npH CTaTHCTHKe, no KpaiiHeH Mepe, na nopa^oK npeBbimaio- 
meii Hcnojib30BaHHyio b pa5oTe [62] na CepnyxoBCKOM ycKopHTejie. HsMeneHHe 
HMnyjibca HanajibHbix 7r~-Me30HOB hosbojiht o5pa30BaTb BTopn^Hbie MesoHbi b 
noKoe, HTO npe^cTaBJiaeT HHTepec ^Jia Hccjie^oBaHHa hx noBe^eHHa. 

BaiKHbiM aBJiaeTca xaKiKe HSMepenne npaMbix pa^HaiiHOHHbix pacna^oB bck- 
TopHbix H nceBflocKajiapHbix mcsohob THna 

V -^ P + 7, 

P -^ F + 7, 

HanpHMep, uj -^ 7r°7, uj -^ ij'j, i]' -^ cj'j h ap. 

ToHHoe OHpe^ejieHHe hx paflHau;HOHHbix mnpHH h (|)opM-(|)aKTopoB (xaKiKe KaK 
H HepexoflHbix Hpou;eccoB) ho3bojiht npoBecTH na^eiKHoe cpaBHenne c npe^cKasa- 
HHaMH Mo^ejiH VDM h apyrnx, Ha5jiioflaTb B03MOiKHyio anoMajiHio b MarHHTHbix 
MOMCHTax KBapKOB, nojiyHHTb apyrne BaiKHbie CBe^eHHa. 

3flecb cjie^yeT ynoManyTb xaKiKe o BaiKHOCTH mnpoKOH nporpaMMbi H3yne- 

HHa aJieKTpOMarHHTHblX (|)OpM-(|)aKTOpOB 5apH0H0B TaKHX, HanpHMep, KaK H30- 

5paiKeHHbiH Ha pnc. 12. 




Pnc. 12: nepexo^HbiH (|)opM-(|)aKTop F\r 
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3. A^poH-H^epHbie npoixeccM 

3.1. MsMepeHHe pasMepoB oSjiacTH oSpasoBaHHa npoTOHOB b rjiy- 
SoKOHeynpyrnx a^epHbix peaKu;Hax c u;ejit.io ou;eHKH pasMepa 
(|)jiyKTOHa 

CymecTByeT KJiacc BnepBbie Bbi^ejieHHbix b HT30 [63] t.h. rjiy5oKOHeynpy- 
rnx a^epHbix peaKiinii (rH5IP), KOTopbie npoTCKaioT He na OT^ejibHbix nyKJio- 
Hax a^pa, a na xecHbix rpynnax nyKJioHOB — (|)JiyKTOHax. XopoiuHM npHMepoM 
rH5IP aBJiaioTca peaKiiHH c o5pa30BaHHeM KyMyjiaTHBHbix HacTHu;, nanpHMep, 
npoTOHOB, JiexainHX nasa^ b Jia5. CHCTCMe. O^naKO, b pesyjibTaxe rH5IP Moryx 
o5pa30BaTbca npoTOHbi (h hx aKcnoHeniiHajibHO 5ojibme) KOTopbie JiexaT Bnepe^. 
Ha TaiKejibix a^pax ^ojia xaKHX npoTOHOB no cpaBHeHHio c KBa3HCBo5oflHbiMH 

flOMHHHpyeT. 

C coBpeMeHHOH TOHKH 3peHHa (|)JiyKTOH npe^cTaBJiaeT co5oh MHoroKBapKOBoe 
o5pa30BaHHe b a^pe hjih, MOiKCT 5biTb, KanejibKy 5apH0HH0-Hacbiiu;eHH0H KBapK- 
rjiiooHHOH njia3Mbi (KFII). IIocjieflHee o5cToaTejibCTBO npHBJieKaeT oco5oe bhh- 
Manne k onpe^ejieHHio njioTHOCTH (|)JiyKTOHOB, a cjie^oBaTejibHO — k oiieHKe hx 
pa3MepoB. 

rH5IP noflpo5HO H3yHajiHCb b HT30 b TeneHne MHornx Jiex [64, 65]. Hx ne- 
TpHBHajibHoe CBOHCTBO (cKeHJiHHr, aHOMajibHaa A-3aBHCHM0CTb, xapaKTep Bbl- 
xo^a Ha CKeiiJiHHr h t.^.) hphbcjih k cjie^yioineH Mo^ejiH HpoTeKanna rH5IP. 
HajieTaioinaa nacTHiia ^BHraeTca CKB03b a^po, nocjie^oBaTejibHO B035yiKflaa na 
CBoeM nyTH (|)JiyKTOHbi h xepaa npn 3tom npH5jiH3HTejibHO 1 FaB aneprHH na 
1 (|)epMH nyTH [66]. H3yneHne Koppejiau;nH no3BOJinjin MeTO^OM KonbiJioBa n 
Hoflropeu;Koro [67] ne tojibko n3MepnTb ^Jinny nyxn, no n ycTanoBnTb (|)aKT 
Toro, HTO nonepennbiH pa3Mep o5jiacTn, n3 KOTopon BbiJieTaeT nyKJion, b ne- 
CKOJibKO pa3 Menbnie npo^ojibnoro pa3Mepa [68]. Ou;eHKa nonepennoro pa3Mepa 
aaeT Bejinnnny 1 ± 1 (|)epMn, T.e. n3BecTHa cero^na co 100%-oh omnGKon. BbiJio 
nanfleno, hto npo^ojibnbin pa3Mep 3aBncnT ot yrjia naGjno^enna, nocKOJibKy Jie- 
Tainaa BTopnnnaa nacTnu;a ^oronaeT njin, nanpoTHB, yjiexaeT ot najieTaioineH 
nacTnu;bi. HaKoneu;, 5biJio noKa3aHO [69], hto npo^ojibnbin pa3Mep yMenbma- 
eTca fljia nacxnu;, o5pa3yioiu;nxca no^ ^encTBneM nacxnu; c OTnocnTejibno Majion 
nanajibHOH aneprnen, b cooTBCTCTBnn c yKa3aHHbiMn Bbinie noxepaMn nMn anep- 
rnn. Hpo^ojibHbin pa3Mep Tpy5Kn b^ojib TpaeKTopnn nacTnu;bi, KaK n cjie^oBajio 
oiKn^aTb B paMKax Bbinieonncannon Mo^ejin, nopa^Ka pa3Mepa a^pa Mnnienn. 
HonepennbiH pa3Mep Tpy5Kn 3aBncnT ot pa3MepoB najieTaioineH nacTnu;bi, pa3- 
Mepa (|)JiyKTOHa n, mo^kct 5biTb, ot pacceanna b a^epnoM BeinecTBe BTopnnnbix 
nacTnu;. Tax njin nnane, ecjin n3BecTHbi nonepennbie pa3Mepbi, to n3BecTH0 
orpannnenne na pa3Mep (|)JiyKTOHa CBepxy. Mbi 3HaeM n3 3HaneHna KyMyjia- 
THBHoro nncjia MnnnMajibno B03MOiKHyio Maccy (|)JiyKTOHa, neoOxo^nMyio ^Jia 
o5pa30BaHna nyKJiona ^annoro nMnyjibca, T.e. mojkho ou;eHnTb MnnnMajibnyio 
njioTHOCTb (|)JiyKTOHa n 5jin30CTb 3Toro oGteKTa k rpaHnu;e KBapK-rjnoonnon 
njia3Mbi na n3BecTH0H ^narpaMMe njioTHOCTb-TeMnepaTypa ^Jia a^epnoro Be- 
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mecTBa. 

HpefljiaraeTca H3MepHTb KoppejiaiiHOHHbie (|)yHKii;HH ^Byx npoTOHOB c Ma- 
jibiMH OTHOCHTejibHbiMH HMnyjibcaMH, KOTopbie o5pa3yioTca B peaKiiHH 

p + A{C\ Ph) ^ pp + X . 

HpoTOHbi flOJiiKHbi perncTpHpoBaTbca b HMnyjibCHOM ^Hanasone 500 -r 
800 MaB/c. Hanajibnaa aneprna npoTOHOB b ^Hanasone ot 2 ^o 10 FaB. 
MoiKHO HanaTb c aneprHH nopa^Ka 2 FaB, hto ^ocTaTOHHO ^Jia B035yiKfleHHa 
oflHoro (|)JiyKTOHa, ho orpaHHHHBaeT B035yiKfleHHe necKOJibKHX (|)JiyKTOHOB B^ojib 
Tpy5KH, aejiaa npo^ojibHbiH pa3Mep MajibiM. 3to o5cToaTejibCTBO He no3BOJiaeT 
yBH^eTb 5ojibmoH pa3HHii;bi b npo^ojibHOM h nonepe^HOM pa3Mepe, KaK axo 5biJio 
B [68], HO no3BOJiaeT naiiTH nonepe^HbiH pa3Mep CTan^apTHbiM cnoco5oM no Be- 

JIHHHHe HHKa, KOTOpblH, B OCHOBHOM, o5yCJIOBJieH CHJIbHbIM B3aHM0fleHCTBHeM. 

FEojiHaa nporpaMMa Hccjie^oBaHHH ^ojiiKHa BKjnonaTb H3MepeHHe nap npoTonoB, 
BbiJieTaioiunx na yrjibi 5^, 90^, 175^. 3to ^acT B03M0iKH0CTb ou;eHnTb BJinanne 
pacceanna, n3ynnTb n3MeHeHne pa3MepoB c n3MeHeHneM nopa^Ka KyMyjiaTnB- 
HOCTn. H3MepeHne mojkho nanaxb c yrjia nopa^Ka 5^, Tor^a npe^JioiKenHbin 
aKcnepnMeHT nojinocTbio cobmccthm c npeflJioiKenneM n3yneHna (|)a30B0H njioT- 
HOCTn nacTnu;. FEpe^nojiaraeMaa TonnocTb n3MepeHnH KaK nepnen^nKyjiapnoro, 
TaK n npoflOJibHoro pa3MepoB 0.2 (|)epMn. 

3.2. Mccjie^oBaHHe BsaHMO^eiiCTBHa (|)JiyKTOHOB (MHoroKBapKOBbix 

MGLUKOb) B a^pO-a^epHblX CTOJIKHOBGHHaX 

05binH0 noflpa3yMeBaeTca, nxo CTOJiKnoBenne 5bicTporo nyKJiona c a^poM cbo- 
anTca K CTOJiKHOBennaM c OT^ejibHbiMn KBa3ncBo5oflHbiMn nyKJionaMn a^pa. O^- 
naKO, B cjiynae FH5IP nponcxo^nT B3anM0fleHCTBne najieTaroinen nacTnu;bi c 
njioTHOH (|)JiyKTyau;neH a^epnon Maxepnn — (|)JiyKTOHOM (Cp4.), KOTopbin mojkho 
npe^cTaBJiaTb ce5e KaK MnoroKBapKOBbin MenioK n, mo^kct 5biTb, KanejibKy 
KBapK-rjiK)OHHOH njia3Mbi. FH5IP 5biJin Bbi^ejienbi na (|)OHe KBa3ncBo5oflHbix 
B3anM0fleHCTBnH c OT^ejibHbiMn nyKJionaMn nyxeM npoBe^enna n3MepennH b kh- 
neMaTnnecKn 3anpem;ennoH ^Jia A^A^-B3anM0fleHCTBnH o5jiacTn. HanpnMep, npo- 
Tonbi MoryT JiexeTb na3afl b ji.c, nxo 3anpem;eno b A^A^-CTOJiKnoBennax. FH5IP 
o5jiaflaK)T, KaK OKa3ajiocb, pa^oM y^nbnTejibnbix neTpnbnajibnbix cbohctb, ne- 
n3BecTnbix b A^A^-B3anM0fleHCTBnn. 

B a^po-a^epHbix CTOJiKHOBeHHax, KOHenno, ecTb KaK NN-, TaK h N0a.- 
npoiieccbi, KOTopbie Moryx 5biTb H3yHeHbi npn A^A-B3aHM0fleHCTBHax, ho ecTb 
cp4. cp4.-npou;eccbi, ne CBO^ainHeca k NN- h A^A-B3aHM0fleHCTBHaM. 

MoiKHO JiH Hx Bbi^ejiHTb? 0Ka3biBaeTca, mojkho KHHeMaTHHecKH [70]. Ha 
pHC. 13 nofl KpHBOH 2.2 noKa3aHa xaKaa KHHeMaTH^ecKaa o5jiacTb npn 5bicTpo- 

TaX 1/ ~ npH GoJIblUHX J9J-, KOTOpaa COOTBCTCTByeT Cp4.Cp4.-B3aHM0fleHCTBHaM. 

PerHCTpnpya co5biTHa b axoii o5jiacTH, H3Mepaa cneKTpbi HacTHu; b axoii o5jia- 

CTH, H3yHaa hx A-3aBHCHM0CTb, MOiKHO: 

• OTKpbiTb HOBoe aBJienne — ^BaiK^bi KyMyjiaTHBHoe o5pa30BaHHe nacTHu;; 
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Phc. 13: Pa3JiHHHbie KHHeMaTH^ecKHe o5jiacTH b njiocKOCTH priv)-, orpaHH^eH- 
Hbie CBepxy kphbmmh 1.1, 1.2 h 1.4, 2.1 h 4.1, 2.2, KOTopbie cooTBeTCTByioT 
NN-, N0d.-, Od.N-, 0d.0d.-coy^^ipemI9LM. 

• H3yHHTb CBOHCTBa Cp^. Cp4.-B3aHM0fleHCTBHa, KOTOpoe MOiKCT 0Ka3aTbca He- 
TpHBHaJIbHblM; 

• H3yHHTb 5ojiee njioTHbie, hcm (|)JiyKTOHbi, o5pa30BaHHa, T.e. npo^BH- 
HyTbca no lUKajie p/ po b njiocKOCTH (T, p/ po) flJia noHCKOB KBapK-rjiiooHHOH 
njia3Mbi. 



3.3. Mccjie^oBaHHe cbohctb a^epHoii MaxepHH na Majibix MeacnyKJioH- 
Hbix paccToaHHax b no^noporoBOM oSpasoBaHHH a^poHOB 

Hccjie^oBaHHe cbohctb ropaneii h njioTHoii a^poHHoii MaxepHH, o5pa3yioiu;eHca 

B CTOJIKHOBCHHaX pCJiaTHBHCTCKHX a^Cp, aBJiaCTCa OflHOH H3 caMbix aKTyajibHbix 

3aflaH coBpeMCHHOH a^epHOH (|)H3hkh. HnTcpec k 3toh o5jiacTH CBa3aH c noHC- 
KaMH HOBoro cocToanna a^poHHoii MaxepHH — KBapK-rjiiooHHOH njia3Mbi [71] h 

npeflCKa3aHHbIX MOTHBHpOBaHHblMH KXJI MO^eJiaMH 3(|)(|)eKT0B BOCCTaHOBJICHHa 
KHpaJIbHOH CHMMCTpHH [72]. 

H3yHeHHe a^po-a^epHbix B3aHM0fleHCTBHH npoBO^HTca cennac b mnpo- 
KOM flHana30He aneprHH cTOJiKHOBCHHii ot 1 -^ 2 FaB/HyKJioH (SIS GSI) h 
10 raB/nyKJioH (AGS BNL) ^o 200 TaB/HyKJioH (SPS CERN). B nanajie cjie- 
ayioinero TbicanejicTHa HannyT pa5oTaTb a^epHbie KOJiJiaH^epbi c aneprHeii ne- 
cKOJibKo TaB/nyKJioH (RHIC, LHC). 

HocKOJibKy cjioiKHOCTb HHTepnpcTaiiHH pe3yjibTaT0B aKcnepHMCHTOB cyme- 
CTBCHHO B03pacTaeT c yBejiHHeHHeM aneprHH h pa3MepoB CTajiKHBaioinHxca a^ep, 
aKcnepHMCHTbi na ny^Kax npoTOHOB h JierKHX a^ep npn aneprnax necKOJibKO 
raB/nyKJioH aBJiaioTca neoOxo^HMbiM axanoM H3yHeHHa CTOJiKHOBCHHii bbicoko- 
3HeprHHHbix TaiKCJibix a^ep. 
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HsyneHHe CTpyKTypbi a^pa na Majibix MeiKHyKJioHHbix paccToaHHax aBJiaexca 
oflHHM H3 aKTyajibHbix HanpaBJieHHH pejiaTHBHCTCKoii a^epHoii (|)H3hkh. Oco- 
5yio pojib B 3THX Hccjie^oBaHHax nrpaioT SKcnepHMeHTbi no no^noporoBOMy po- 
iK^eHHio a^poHOB B npoTOH-a^epHbix BsaHMO^eiicTBHax. Ha ycKopHTejie HT30 
5biJiH BbinojineHbi SKcnepHMeHTbi no no^noporoBOMy oGpasoBannio anxnnpoTO- 
HOB [73] n K^-MesoHOB [74]. Cneu;najibHbiH Bbi5op KnneMaTnnecKnx ycjioBnn 
nsMepennn no3BOJinji Bbi^ejinTb o5jiacTb ^OMnnnpoBanna npaMoro MexannsMa 
poiK^enna n BnepBbie b cnjibHbix BsanMo^encTBnax nojiynnxb nH(|)opMau;nio o5 
nMnyjibCHOM pacnpe^ejiennn BnyTpna^epHbix nyKJionoB na MeiKnyKJionnbix pac- 
CToannax Menbmnx, neM ^ocTynnbie cero^na ^Jia nsynenna b SKcnepnMenTax na 
ajieKTpoHHbix nynKax. Ha pnc. 14 cnjiomnon KpnBon npe^cTaBJieno nMnyjibcnoe 
pacnpe^ejienne nyKJionoB b a^pe Be, nsBJienennoe n3 anepreTnnecKon 3aBncnM0- 
CTn no^noporoBoro oGpasoBanna K^-MesoHOB. HepnbiMn KBa^paxaMn noKasanbi 
cymecTByioinne cero^na ^annbie, nojiynennbie n3 anajinsa (e, e'j9)-peaKu;nH. 



Our result (solid curve) 

Theory ^"^ox =500 MeV (doshed) 

" Emox =35 MeV (dotted) 

J.G.Zoboltzky et al (1978) 

I.Sicketal(1994) 

C.Ciofi degli Atti et ol ( 1 996) 




Fermi motion 



J I I I I I I I I I I I I I I I I I I I I I I I LJJ I I I I I I I I I I I I L_ 



0.1 0.2 0.3 0.4 0.5 0.6 0.7 0,8 

q, GeV/c 

Pnc. 14: HMnyjibcnoe pacnpe^ejienne nyKJionoB b a^pe Be 



B nacToaujee BpeMa b HT30 npoBo^nxca nccjie^oBanne npon;ecca poiK^enna 
no^noporoBbix A^-MesonoB npoTonaMn na a^pax. KpoMe caMOCToaTejibnoro 
nnxepeca, CBasannoro c nojinbiM OTcyxcTBneM ^annbix o5 axnx peaKn;nax, axn 
3KcnepnMenTbi nnxepecnbi em;e n tcm, nxo co^epiKaT nn(|)opMan;nio o npe^cKa- 
3annbix KnpajibnbiMn Mo^ejiaMn 3(|)(|)eKTax MOfln(|)nKan;nn Mace KaonoB b 5apnon- 
noM OKpyiKennn. TeopeTnnecKne pacneTbi (cMoxpn, nanpnMep, [72]) CBn^eTejib- 
CTByioT, nTO, B OTJinnne ot nojioiKnTejibno 3apaiKennoro Kaona, Macca OTpnn;a- 
Tejibnoro Kaona b a^pe Menbnie ero Maccbi b BaxyyMe na 20% yiKe npn nopMajib- 
noH a^epnoH njioTnocxn. 3KcnepnMenT em;e ne 3aKonnen, o^naKO npoBe^ennbin 
coBMecTnbiH anajin3 nojiynennbix ^annbix o5 o5pa30Bannn K^- n /'C~-Me3onoB 
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CBH^eTejibCTByeT o najiH^HH TaKoro 3(|)(|)eKTa. 

CorJiaCHO KHpaJIbHbIM MO^eJiaM, OCHOBaHHbIM na HCnOJIb30BaHHH 3(|)(|)eKTHB- 

Hbix JiarpaHiKHaHOB, He tojibko CBoiicTBa mcsohob, ho xaKiKe CBoiicTBa nyKJio- 
HOB H rnnepoHOB saMCTHO HSMenaioTca b cpe^e yiKe npn HopMajibHoii a^epHoii 
njioTHOCTH [75]. Hmchho no^noporoBbie peaKiiHH Moryx cxaxb nyBCTBHTejibHbiM 
HHCTpyMCHTOM fljia Hccjie^oBaHHa MOflH(|)HKaii;HH Mace, TaK KaK H3-3a fle(|)Hii;HTa 
aneprHH CTOJiKHOBeHHa yMenbiueHHe Maccbi poiK^eHHoii CHCTeMbi HacTHu; Bcero 
Ha 10 -r 20 MaB npHBO^HT k yBejinneHHio b necKOJibKO pa3 pacneTHOH Bepoax- 
HOCTH ee o5pa30BaHHa [76]. 

HpefljiaraeMaa nporpaMMa Hccjie^oBaHHa a^po-a^epHbix CTOJiKHOBeHHH otho- 
CHTca K HeH3yHeHH0H H He^ocTynHOH ^Jia Hccjie^oBaHHa na apyrnx ycKopHxejiax 
o5jiacTH aneprHH HOHHbix ny^KOB 2 -^ 4.5 FaB/HyKJioH. 3Ta o5jiacTb cooTBeT- 
CTByeT no^noporoBOMy h OKOJionoporoBOMy o5pa30BaHHio Me30H0B h 5apH0H0B, 
r^e H3-3a fle(|)Hii;HTa aneprHH CTOJiKHOBeHHa hhcjio OTKpbiTbix KanajioB hx renepa- 

IIHH MHHHMaJIbHO. 3tO 05cT0aTeJIbCTB0 CymeCTBeHHO flJia OflH03HaHHOH HHTep- 

npeTaiiHH pe3yjibTaT0B H3MepeHHH. HMeioinHeca cero^Ha 3KcnepHMeHTajibHbie h 
pacHCTHbie aaHHbie [77] ^aioT B03M0iKH0CTb npoBecTH peajiHCTH^ecKHe oiieHKH 
CKopocTH Ha5opa HH(|)OpMaii;HH. 

Hccjie^oBaHHe poiK^eHHa aHTH5apH0H0B, 5apH0HHbix pe30HaHC0B, CKajiapHbix 
H BCKTopHbix Me30H0B B CTOJiKHOBeHHax JierKHX a^cp fleiiTepHa H rejiHa c Jier- 

KHMH MHIUenaMH npe^CTaBJiaeTCa Hpe3BbIHaHH0 BaiKHbIM H HH(|)OpMaTHBHbIM 

3TanoM o5iu;eH nporpaMMbi, HeoGxo^HMbiM ^Jia 0flH03HaHH0H HHTepnpeTaiiHH 
pe3yjibTaT0B aKcnepHMCHTOB c xaiKejibiMH HonaMH. AnoMajibHO Gojibmne cene- 
HHa no^noporoBoro poiK^eHHa aHTHnpoTOHOB no cpaBHeHHio c Ha5jiioflaeMbiMH b 
npoTOH-a^epHbix peaKiinax 5biJiH oGnapyiKeHbi b LBL [78] h GSI [79] b ctojik- 
HOBCHHax cpe^HHX H TaiKCJibix a^ep. 3to aBJienne y^ajiocb onncaTb BKjnone- 
HHCM KanajioB renepaiiHH no^noporoBbix aHTHnpoTOHOB b KacKa^Hbix npoijeccax 
c ynacTHCM H3o5ap [80], jih5o yMenbiueHHeM Maccbi poiK^eHHbix aHTHnpoTOHOB b 
5apH0HH0M OKpyiKeHHH [81]. 05a oGtacneHHa Tpe5yioT yBejinneHHa 5apH0HH0H 
njioTHOCTH B 30He nepeKpbiTHa CTajiKHBaioinHxca a^ep. O^naKO He^aBHHe 3Kcne- 
pHMCHTbi B KEK [82] noKa3ajiH, hto CHJibHbiii 3(|)(|)eKT 100(!) Ha5jiioflaeTca yiKe b 
peaKiinax, HH^yiiHpoBaHHbix ^eiiTpoHaMH, r^e Tpy^HO oiKH^axb cymecTBeHHoro 
B03pacTaHHa hjiothocth. 3(|)(|)eKT yBejinneHHa Bbixo^a aHTHnpoTOHOB npn o5jiy- 
HeHHH JierKHX MHiueHeii ny^KOM ^i7e cocTaBJiaex 1000. CpaBHeHHe (|)parMeHTap- 
Hbix aaHHbix [82] no no^noporoBOMy poiK^eHHio /'C~-Me30H0B b ^eHTpoH-a^epHbix 
B3aHM0fleHCTBHax c nojiyneHHbiMH b HT30 b npoTOH-a^epHbix CTOJiKHOBeHHax 
aeMOHCTpHpyioT Hajinnne ctojib iKe CHJibHoro 3(|)(|)eKTa ^Jia OTpniiaTejibHbix Ka- 
OHOB. 3th Ha5jiiofleHHa yKa3biBaioT na to, hto npnpoaa 3Toro HeoiKH^aHHoro 
H, no-BH^HMOMy, yHHBepcajibHoro ^Jia Bcex poiK^aioinHxca chctcm aBJienna mo- 
iKCT 5biTb H3yneHa b 3KcnepHMeHTax c JierKHMH a^paMH. Cero^na HH(|)opMaii;Ha 
o no^noporoBOM h OKOJionoporoBOM o5pa30BaHHH JierKHMH a^paMH apyrnx CKa- 

JiapHblX Me30H0B, BCeX BCKTOpHblX Me30H0B H 5apH0HHbIX pe30HaHC0B nOJIHOCTblO 

OTcyTCTByeT. JIaHHbie no poiK^ennio Me30HHbix n Gapnonnbix pe30HaHC0B Jier- 
nanmnMn a^paMn BaiKHbi KaK ^Jia nccjie^oBanna ^nnaMnKn pa3BnTna aBJiennn, 
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saBHcainHX OT TeMnepaxypbi h njioTHOCTH a^epHoro BeinecTBa, tek h ^Jia H3y- 

HCHHa 3(|)(|)eKT0B H3MeHeHHa HX CBOHCTB B 5apH0HH0M OKpyiKeHHH. 

IIOHCKH npe^CKaSaHHblX KHpaJIbHblMH MO^eJiaMH 3(|)(|)eKT0B MOflH(|)HKaii;HH 

CBOHCTB a^poHOB B njioTHOH 5apH0HH0H cpcflc npoBo^aTca ceiiHac bo mhophx na- 
y^Hbix iicHTpax. 3KcnepHMeHTajibHbie ^aHHbie no o5pa30BaHHio MiooHHbix nap b 
CTOJiKHOBcnnax a^ep S-\-Au n S' + VF npn aneprnn 200 FaB/nyKJion, nojiynennbie 
B CERN KOJiJia5opau;naMn CERES [83] n HELIOS-3 [84], nnTepnpeTnpyioTca 
KaK CBn^eTCJibCTBO yMCHbrnenna Maccbi /)-Me30Ha [85, 86]. KojiJia5opau;na KAOS 
(GSI) coo5iu;njia o naGjnoaennn cymecTBennoro yMcnbrnenna Maccbi /"(.'"-Mesona 
B CTOJiKHOBcnnax a^ep Ni + Ni npn aneprnn 2 FaB/nyKJion [87]. HpeacKa- 
3annaa ^ocTaxonno 5ojibmaa BCJinnnna 3(|)(|)eKT0B nsMcnenna cbohctb a^ponoB 
CTnMyjinpoBajia nx noncKn npn nopMajibnon a^epnon njioTnocxn. KojiJia5opa- 
n;na TAGX (ToKno) saperncTpnpoBajia 3nannMoe yMenbmenne Maccbi /)-Me3onoB 
B npon;ecce nx (|)OTopoiKflenna na JierKnx a^pax b OKOJionoporoBon o5jiacTn anep- 
rnn [88]. BbinojinacMbin cennac SKcnepnMenT E-325 b KEK nanpaBJien na no- 
ncKn MOfln(|)nKan;nn cbohctb (/)-Me3ona b npoTon-a^epHbix B3aHM0fleHCTBHax npn 
12 FaB [89]. 

B cjiynae CTOJiKnoBcnna JierKHX a^epnbix chctcm KnneMaTnnecKne xapaKxe- 
pncTnKn npo^yKTOB pacna^a poiK^aiomnxca oGtcKTOB MnnnMajibno ncKaiKcnbi 
B3anM0fleHCTBnaMn b KonennoM cocToannn, nxo npe^ocTaBJiacT B03MOiKnocTb 
n3ynaTb nx CBoncTBa, ncnojib3ya a^ponnbie pacna^bi, mnpnnbi KOTopbix npe- 
Bocxo^aT JienTonnbie na necKOJibKO nopa^KOB BCJinnnnbi [90]. O B03MOiKnocTn 
nojiynenna o5mnpnoH nn(|)opMan;nn yiKC b coy^apennax JierKnx a^ep CBn^eTCJib- 
CTBycT na5jiioflennoe b KEK [82] poiK^enne anxnnpoTonoB c nMnyjibcaMn ^o 
1.5 FaB/c B coy^apennax a^ep rejina-4 c aneprnen 2.5 FaB/nyKJion c yrjiepo- 
flOM. HnBapnanxnaa Macca poiK^ennon cncTCMbi npn axoM npeBocxo^nx 2 FaB, 
a na5jiioflaeMoe cenenne cocxaBJiacT 30 mk5. 

YiKC nojiynennbie b KEK, GSI n HT30 ^annbie no no^noporoBOMy poiK^e- 
nnio KaonoB n anxnnpoTonoB b npoTon-a^epnbix CTOJiKnoBcnnax Oy^yx cjiyiKnTb 
ocnoBOH fljia Bbi^ejienna cnen;n(|)nnecKnx a^po-aflepnbix a(|)(|)eKTOB. 

3.4. Mccjie^oBaHHe aBJieHHa a^epHoii KpHTHHecKoii onajiecu;eHu;HH 

FEpn yBCJinnennn njioTnocxn a^epnon Maxepnn b necKOJibKO pa3 B3anM0fleHCTBne 
nnona co cpe^on cxanoBnxca nacTOJibKO cnjibnbiM, nxo on npcBpaujaeTca n3 
nacTnn;bi b KBa3nnacTnn;y, KOTopyio A.B. Mnr^aji na3biBaji "0-3ByKOBbiM bo3- 
5yiKflenneM" a^epnoro BcujecTBa [91]. FEpn ^ocTaTonnon njioTnocxn a^epnoro 
BcujecTBa nojinaa aneprna nnona cxanoBnxca paBnon nyjiio, n B03nnKaioT ycjio- 
Bna fljia pa3BnTna Bo3e-Konflencan;nn xaxnx KBa3nnacTnn; (nnonnbin Kon^en- 
cax). MaKcnMajibnaa aneprna CBa3n 0-3ByKOBbix nnonoB onpe^ejiacT nx Kpnxn- 
necKnn nMnyjibc, KOTopbin, corjiacno pacnexaM, 5jin30K k nMnyjibcy OepMn a^pa 
{kc ~ Pf)- HanpaBJienne BOJinoBoro BCKTopa kc 0-3ByKOBOH CToanen BOJinbi b 
a^pe onpe^ejiacT nanpaBJienne, b KOTopoM Mor 5bi nponcxo^nxb (|)a30BbiH nepe- 
xofl a^epnoH cpe^bi n3 iKn^Kon (|)a3bi b (|)a3y iKn^KOKpncTajiJinnecKyio, to ecTb 
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B 4)a3y, r^e nepno^HHecKaa CTpyKxypa pacnpe^ejieHHa nyKJioHOB B03HHKaeT b 
oflHOM H3MepeHHH, a He B Tpex H3MepeHHax, KaK b KpncTajiJie. rHnoTe3a, hto 
TaKOH (|)a30BbiH nepexofl Mor hmctb mccto b HopMajibHbix a^pax, 5biJia OTBepr- 
Hyxa 3KcnepHMeHTajibH0 [91], o^HaKO b KOHe^Hbix a^pax (|)a30BbiH nepexo^, ecjiH 
5bi OH flaiKe H cymecTBOBaji, ne Mor 5bi npnGjiHiKaTbca k noBepxHOCTH a^pa na 
paccToaHHe 5jiHiKe, hcm A = h/kc- TaKHM o5pa30M, ^aiKe h b cjiynae pa3BHToro 
(|)a30Boro nepexo^a iKH^KOKpHCTajiJiHHecKaa (|)a3a 5biJia 5bi CKpbiTa no^ jkh^khm 
a^epHbiM cjioeM rjiy5HH0H npHMepno b 1 (|)epMH. 

B pa5oTe M. 3pHKC0H h JliK. JlejiopMa [92] 5biJio noKa3aHO, hto BCJie^cTBHe 
CHJibHbix (|)JiyKTyaii;HH a^epHoii njioTHOCTH 0Ka3biBaeTca B03M0iKHbiM JioKajibHbiii 
(|)a30BbiH nepexofl, no^oGHbiii aBJieHHio KpHTHHecKoii onajieciieHiiHH iKH^KOCTeii: 

H3-3a (|)JiyKTyaii;HH B03HHKaeT MHOiKeCTBO KOpOTKOiKHByiUHX MHKpony3bipbKOB 

HOBOH (|)a3bi, aejiaioinHX iKH^KOCTb nojiynpo3paHHOH. HpeflKpHTHHecKHe a^ep- 
Hbie 3(|)(|)eKTbi oGnapyiKHTb h 3aKpbiTb oneHb Tpy^HO, nocKOJibKy ohh ne TOJibKO 
pe^KH, KaK BcaKHH (|)JiyKTyaii;HOHHbiH npoijecc, ho h CKpbiTbi iKH^Koii (|)a30H no- 
BepxHOCTH a^pa. O^naKO, KaK 5biJio OTMeneno b [92], npe^KpHTHHecKHe 3^- 
(|)eKTbi HMeroT h CBoe npeHMymecTBO. Ecjih nacTHiia HajieTaex na a^po, b koto- 
poM (|)a30BbiH nepexofl yiKe npoH3omeji, to yroji MeiK^y HanpaBJieHHCM na^eHHa 
H ocbK) iKH^Koro KpHCTajiJia MOiKCT 5biTb npoH3BOJibHbiM. B cjiy^ae iKe 3(|)- 
(|)eKTa KpHTHHecKOH onajieciieHiiHH JioKajibnaa KpHCTajiJiH3aii;Ha (B03HHKH0BeHHe 

TOHKHX nJIOCKHX CJIOCB npOTOHOB H HCHTpOHOB) npOHCXO^HT HO HanpaBJieHHK) 

HajieTaroineii nacTHiibi. HocKOJibKy HMnyjibc HajieTaroineii nacTHiibi nopa^Ka 
1 FaB/c, npoflOJibHbiH pa3Mep (|)JiyKTyaii;HH ^ojiiKeH 5biTb nopa^Ka necKOJibKHX 
aecaTbix (|)epMH. B cjiynae pa3BHToro (|)a30Boro nepexo^a H3-3a Toro, hto nanpa- 

BJieHHe 0-3ByKOBOH BOJIHbl HeH3BeCTH0, HeB03M0iKH0 BblHHCJIHTb HOJIHyK) 3Hep- 

THK) B3aHM0fleHCTBHa HajieTaK)iu;eH nacTHiibi c 0-3ByKOBbiM nnoHOM, Tor^a KaK b 
cjiynae npe^KpHTHHecKoro aBJienna, Kor^a ocb (|)JiyKTyaii;HH coBna^aeT c nanpa- 
BJieHHCM HajieTaroineii nacTHiibi, BbiHHCJieHHe nojiHoii aneprHH B3aHM0fleHCTBHa 
B03MOiKHo: ml = —k'^-\-2kpin + m]^ , rjiepin h m^ — HMnyjibc h Macca HajieTaro- 
meii HacTHiibi, k — HMnyjibc onajieciieHTHoro nnona, a nij. - Macca o5pa30BaHHoro 
pe30HaHca. 

OnajieciieHTHbiH Me30H mojkho npe^cTaBHTb KaK f-KanajibKbiH nnoH, norjio- 
macMbiH a^epHOH MaTepneii c o5pa30BaHHeM napbi KBa3HHacTHii; nyKJioH-^bipKa 
(pHC. 15a). PaccMOTpHM B3aHM0fleHCTBHe MarKoro nyKJiona c onajieciieHTHbiM 
nnoHOM (pHc. 15c). IIpoTOH c HMnyjibcoM 125 MaB/c {Tp = 8 MaB) pe30HaHCH0 
ynpyro oxpaiKacTca Ha3afl, norjioinaa onajieciieHTHbiii nnoH {nij. = m^ = m^v). 
HocKOJibKy B CToaneii bojihc onajieciieHTHbie Me30Hbi B03HHKaK)T napaMH c hm- 
nyjibcaMH, HanpaBJieHHbiMH b npoTHBonojioiKHbie CTopoHbi, npoTOH, OTpaiKCH- 
HbiH OT oflHoro onajieciieHTHoro nnona, mo^kct pe30HaHCH0 0Tpa3HTbca h ot bto- 
poro onajieciieHTHoro nnona, HMcroinero npoTHBonojioiKHoe HanpaBJicHHe kphth- 
HecKoro HMnyjibca. TaKHM o5pa30M, npoTOH Be^cT ce5a no^oGno (|)OTOHy b pe3o- 
HaHCHOM HHTep(|)epoMeTpe. B pe3yjibTaTe a^epHoii peaKiiHH, nanpHMcp, norjio- 
mcHHa (|)OTOHa, HyKJioH MOiKCT nonacTb b pe30HaHC c a^epHbiM BcinecTBOM, o5y- 

CJIOBJieHHblH 3(|)(|)eKT0M KpHTHHCCKOH OnaJICCIieHIIHH a^pa. 3tOT 3(|)(|)eKT MOiKHO 



36 















^% % ^ 






r^> 


1 


^^ 






N 


(z=0,k=250 MeV/c) 








■ H 

: a) 










P^ 


--^^-... /. 




1 


1 


c_> 




<=> 


k 


^^ 








c) 




^J 







Phc. 15: j^HarpaMMbi: a) — onajieciieHTHbiii nnoH b a^pe, h) — BsaHMO^eiicTBHe 
nnoHa c onajieciieHTHbiM nnoHOM, c) — BsaHMO^eiicTBHe npoTona c onajieciieHT- 
HbiM nnoHOM, d) — pesoHancHoe BsaHMO^eiicTBHe c onajieciieHTHbiM nnoHOM. 



conocTaBHTb c B035yiKfleHHeM rnraHTCKoro pesoHanca b a^pe. YpoBKH rnraHT- 
CKoro pe30HaHC B^Boe Bbime, hcm 8 MaB, nocKOJibKy HeoGxo^HMO saxpaxHTb ^o- 
nojiHHTejibHyio aneprHio na npeo^ojieHHe aneprHH CBa3H HyKJiona b a^pe. Bojiee 
BbicoKHe ypoBHH rnraHTCKoro pesoHanca o5ycjioBJieHbi necKOJibKHMH npoTonaMH 
B "onajieciieHTHOM HHTep(|)epoMeTpe" . 

AHajiorHHHbiH "onajieciieHTHbiH HHTep(|)epoMeTp" MOiKCT saxBaTbiBaxb nn- 
OHbi c HMnyjibcoM 125 MaB/c (pnc. 156). PacceaHne na o^hom h3 onajiec- 
iieHTHbix nnoHOB MOiKCT oGtacHHTb 3(|)(|)eKT a^epHOH nojiynpospaHHOCTH 
(translucence). CeneHHe BsaHMO^eiicTBHa hhohob c HyKJionaMH b o5jiacTH 
aneprHH HHiKe (3,3)-H3o5apbi hohth na nopa^oK HHiKe, hcm b o5jiacTH (3,3)- 
H3o5apbi. EcjiH nnoH c KHHeTHHecKoii aHeprneii 200 MaB HMeex ^JiHHy CBo5ofl- 
Horo npo5era b a^pe nopa^Ka necKOJibKHX ^ecaTbix (|)epMH, to hhoh c KHHeTH^e- 
CKOH aHeprneii 50 MaB HMeex ^JiHHy CBoGo^Horo npo5era nopa^Ka necKOJibKHX 
(|)epMH. B 3T0M CMbicjie a^epHyio MaxepHio mo^kho CHHTaxb OTHOCHTejibHO npo- 
3paHH0H fljia MarKHX nnoHOB. C apyroii CTopoHbi, b o5jiacTH MarKHX hhohob 
(r^ = 50 MaB) 5biJi oGnapyiKeH iiejibiii pa^ anoMajibHbix aBJieHHH. IlepBaa 
anoMajiHa npn 3toh aneprHH 5biJia oGnapyiKeHa b pacceaHHH hhohob na a^pe 
yrjiepo^a c Bbi^ejieHHeM 0+- h 2+-B035yiKfleHHH a^pa b KOHe^HOM cocToaHHH 
a^pa [93]. KanecTBeHHO oGnapyiKeHHbiH 3(|)(|)eKT Bbirjia^eji KaK B3aHM0fleHCTBHe 
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nnoHa c a^poM, npn KOTopoM 3HaHHTejibH0 BospacTaex BepoaTHOCTb pacceaHHa 
nnoHa na Gojibmne yrjibi npn OTHOCHTejibHO hh3kom cenenHH norjioineHHa, hto 
MOiKHO cpaBHHTb c pacceaHHeM CBCTa B nojiynpo3paHHOM CTCKJie. IIosiKe nojioca 
nojiynpo3paHHOCTH npn toh iKe aneprHH 5biJia HaiifleHa b anepreTHHecKOH 3aBH- 
CHMOCTH peaKiiHH c nepesapa^KOH nnona ^^N(7t~^ ^ir^Y^O h '^ Li(7T~^,7T^y Be [94]. 
B KOHiie 80-x roflOB anoMajiHa npn aneprHH hhohob 50 MaB 5biJia HaiifleHa b 
BH^e ycHJieHHa ceneHHa ^bohhoh nepesapa^KH hhohob na a^pax [95]. FHnoTesa 
pe30HaHCHoro "onajieciieHTHoro HHTep(|)epoMeTpa" no3BOJiaeT, no KpaiiHeH Mepe 
KanecTBeHHO, oGtacHHTb 3th 3(|)(|)eKTbi. B nacTHOCTH, flBOHHaa nepesapa^Ka nn- 
OHOB c HMnyjibcoM 125 MaB/c (T^ = 50 MaB) MOiKCT 5biTb ycHJiena, nocKOJibKy 
TaKOH nnoH MOiKCT OTpaiKaTbca ot o5ohx "sepKaji HHTep(|)epoMeTpa" , KaiK^biii 
pa3 nepesapaiKaacb. 

Ha pe30HaHCHbie CBoiicTBa a^epHoii nojiynpospanHOCTH BnepBbie o5paTHJi 
BHHMaHHe y. FhOGc, 3aMeTHB, HTO nojiynpo3paHHOCTb HMeex bh^ OTHOCHTejibHO 
y3K0H nojiocbi h (|)a3a onTHnecKoro noTeniiHajia, onncbiBaioinero pacceaHHe nn- 
ona a^poM, 5jiH3Ka k 90^, noaxoMy (|)opMajibHO "aaepnyio nojiynpo3paHHOCTb" 
MOiKHO 5biJio 5bi HHTepnpeTHpoBaTb KaK "nHOH-a^epHbiH pe30HaHc" [96]. O^naKO 
cymecTByeT MHoro apyrnx no^xo^oB k oGtacneHHio anoMajibHoro 3(|)(|)eKTa ycH- 
jienna ^bohhoh nepe3apaflKH hhohob npn aneprHH 50 MaB [97]. O^hhm h3 ajib- 
TepnaTHBHbix oGtacneHHii 3(|)(|)eKTa aBJiaexca rHnoTe3a cymecTBOBaHHa JioKajib- 
Horo 7rA^A^-pe30HaHca (d'-^HGapHOHa) c Maccoii 2062 MaB [98]. yKa3aHHe na cy- 
mecTBOBaHHe TaKoro pe30HaHca 5biJio nojiyneHO b HT30 b peaKiiHH j9(j9, 7r~^)pp7r~ 
[14]. Bo35yiKfleHHe "nHOH-a^epHoro pe30HaHca" b pe3yjibTaTe B3aHM0fleHCTBHa 
HacTHu; BbicoKOH aneprHH c a^poM MOiKCT npoaBJiaxbca KaK MaKCHMyM b cneKxpe 
MarKHX (r^ = 50 MaB) hhohob. yKa3aHHe na cymecTBOBaHHe TaKoro MaKCH- 
MyMa 5biJio nojiyneHO npn aHajiH3e cneKxpoB hhohob b a^po-a^epHbix B3aHM0- 
aeiicTBHax [99] 3aflOJiro ^o oGnapyiKeHHa a^epHoii nojiynpo3paHHOCTH npn toh 
iKe aneprHH. B HT30 anoMajina b anepreTHHecKOM cneKxpe hhohob 5biJia oGna- 
pyiKena b nnoH-a^epHbix peaKiinax [100, 101]. B [100] ycHJieHHe Bbixo^a hhohob 
c HMnyjibcoM 125 MaB/c (T^ = 50 MaB) 5biJio oGnapyiKeHo npn B3aHM0fleHCTBHH 
nnoHa c aHeprneii 3 FaB c a^paMH C h Xe npn OT5ope coGbithh c e^HHCTBeHHbiM 
BTopHHHbiM nnoHOM, HcnyineHHbiM B 3aflHK)K) nojiyc(|)epy (pnc. 16a). 

yKa3aHHe na cymecTBOBaHHe a(|)(|)eKTa KpHTH^ecKOH onajieciieniiHH b a^pe 
5biJio nojiyneno b xpex aKcnepHMCHTax, npoBe^eHHbix b HT30. B nepBOM aKC- 
nepHMCHTe H3yHajiacb peaKiina (tt, tttt) na a^pe. BbiJiH OTo5paHbi co5biTHa c 
MajioH nepe^aHHOH a^py aHeprneii {AE < 50 MaB), ho cpaBHHTejibHO GojibiuHM 
nepe^aHHbiM HMnyjibcoM [101]. FEocjie BbiHHTaHHa BKJia^a iieHTpajibHbix B3aHM0- 
fleiicTBHH c a^poM H peaKiiHH na KBa3HCBo5oflHOM HyKJioHe b HMnyjibCHOM cneK- 
Tpe BHpTyajibHbix a^epHbix hhohob npoaBHJica MaKCHMyM. CooTBeTCTByroinne 
co5biTHa MOiKHO 5biJio HHTepnpeTHpoBaTb KaK B3aHM0fleHCTBHe c OHajiecu;eHT- 
HbiM HHOHOM. j^Jia cpe^HHX a^ep (Ti, Fe) HMHyjibc OHajiecu;eHTHbix hhohob 5biJi 
HaH^en paBHbiM 249.4 MaB/c (pnc. 165). Bo BTopoM aKcnepHMenTe npn H3Mepe- 
HHH anepreTHHecKOH 3aBHCHM0CTH Bbixo^a MarKHX Me30H0B (T^ = 30-70 MaB) 
5biJio oGnapyiKeHO (pnc. 16b), hto b o5jiacTH HMnyjibcoB najieTaroinero nnona 
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6) HsMepeHHe KpHXHHecKoro HMHyjibca 
OHajiecH;eHTHoro Mesona b peaKijHH 
(tTjTttt) Ha cpeflHHX a^pax (Tz, Fe) [101]. 
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b) 9HepreTHHecKaa saBHCHMOcxb Bbixo^a 
MarKHX HHOHOB B peaKH;HH i?e(7r, 7r)X, h3- 
MepeHHoro uop, yrjioM 90°. 




r) 9KCHepHMeHTajibHbiH CHrnaji BsaHMO- 

flCHCTBHa HHOHa C OHaJieCH;eHTHbIM HHO- 
HOM azipa, HOJiyHeHHbiH b aKCHepHMCHxe, 

HCCJieflOBaBHieM A-SaBHCHMOCXb HOJIHblX 

Heynpyrnx aapoH-aflepHbix cenenHH [102]. 



Phc. 16: 
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b5jih3h j9^ = 1.27 FaB/c bbixo^ MarKHX mcsohob SHa^HTejibHO npeBbimaeT oiKH- 
aaeMyio BejiHHHHy, paccHHTbiBaeMyio KaK pesyjibxaT poiK^eHHa /)-Me30H0B na 
KBa3HCBo5oflHbix HyKJioHax. HaKOHeii, npn nepeo5pa5oTKe aKcnepHMCHTa, b ko- 
TopoM H3Mepajiacb A-3aBHCHM0CTb nojiHbix Heynpyrnx ceneHHii B3aHM0fleHCTBHa 
nnoHOB c a^poM [102], 5biJio nojiyneHO yKa3aHHe na cymecTBOBaHHe pe30HaHC- 
Horo B3aHM0fleHCTBHa c onajieciieHTHbiMH nnoHaMH He TOJibKO b o5jiacTH /), ho 
H B o5jiacTH 5ojiee bbicokhx 7r7r-pe30HaHCOB. H3MepeHHaa A-3aBHCHM0CTb noji- 
Hbix Heynpyrnx ceneHHii hhohob c a^poM HMejia CTeneHHoii xapaKxep. 3Hep- 
reTHHecKaa 3aBHCHM0CTb noKa3aTejia CTeneHH A oGnapyiKHJia HeperyjiapnocTH, 
KOTopbie MOiKHO HHTepnpeTHpoBaTb KaK B3aHM0fleHCTBHe HajieTaroinero nnona 
c onajieciieHTHbiM nnoHOM a^pa, ybejiH^HBaroinHM nojiHoe neynpyroe ceneHHe 
B3aHM0fleHCTBHa nnoHOB c JierKHMH a^paMH. Hpn aneprnax, cooTBeTCTByK)- 
iHHX nojioiKeHHK) 7r7r-pe30HaHCOB, HaGjiro^ajiocb CHHiKeHHe noKa3aTejia CTeneHH 

A-3aBHCHM0CTH (pHC. 16r). 

YcHJieHHe Bbixo^a MarKHX nnoHOB {T = 40-70 MaB) no OTHomeHHK) k iKecT- 
KHM nnonaM {T > 100 MaB), B03HHKaK)iu;HM b pe3yjibTaTe pacna^a A-H3o5apbi, 
Hccjie^oBajiocb b npoTOH-a^epHbix B3aHM0fleHCTBHax b JXydae [103] h na 3apy5eiK- 
Hbix ycKopHTejiax [104]. B He^aBHeii pa5oTe [105] 5biJio noKa3aHO, hto ycHJieHHe 
Bbixo^a MarKHX Me30H0B HMeeT CHJibHyro 3aBHCHM0CTb OT aneprHH najieTaroinero 
npoTona. Hpn aneprHH npoTOHOB 350 MaB ho^ yrjioM 90^ oGnapyiKeno yBejinne- 
HHe BflBoe OTHomeHHa Bbixo^a MarKHX Me30H0B k Bbixo^aM hhohob c aneprnaMH 
Hopa^Ka 100 MaB. 

3(|)(|)eKTbi, aBJiaroujHeca yKa3aHHeM na cyujecTBOBaHHe a^epnoH KpHTHHecKoii 
OHajiecH;eHH;HH, Tpe5yK)T ^OHOJiHHTejibHbix Hccjie^oBaHHH. HeoGxo^HMO Hccjie^o- 
BaTb anepreTHHecKyK) 3aBHCHM0CTb Bbixo^a MarKHX hhohob c aneprneH 50 MaB 
Ha HyHKax hhohob h npoTOHOB. JlHaHa30H HHOHHbix HyHKOB flOJiiKeH HepeKpbi- 
BaTb o5jiacTb ot 0.8 flo 1.5 FaB/c, a flHaHa30H npoTOHHbix nynKOB ^ojiiKeH nepe- 
KpbiBaTb o5jiacTb ot 0.9 flo 2.0 FaB/c. 3to OTHOCHTejibHO ^emeBbie hhkjik)3hb- 

Hbie H3MepeHHa, B KOTOpblX MOiKHO HCH0JIb30BaTb CH;HHTHJIJiaH;HOHHbie CHeTHHKH 

THHa KOFJX [16], ycTaHOBJieHHbie na 5a3e 2-2.5 Mexpa. JIocTaTOHHO Hccjie^oBaTb 
TpH a^epHbie MHrnenn C , Fe, Ph. 

3.5. Mccjie^oBaHHe "BbiSpoca" a^epHoii MaxepHH b a^po-a^epHbix 
BsaHMO^eiiCTBHax npn aneprHH a^pa-CHapa^a ^o 3—4 VsQ/ N 

FEpefljiaraeTca H3yHeHHe "Bbi5poca" a^epnoH Maxepnn (ncHycKaHHe MHoro3apafl- 
Hbix (|)parMeHTOB) b nanpaBJienHH, nepnen^HKyjiapHOM k hjiockocth peaKiiHH. B 
onbiTax Ha ycTanoBKe Plastic Ball [106] 5biJio noKa3aHO, hto njiocKOCTb a^ep- 
HOH peaKiiHH MOiKeT 5biTb onpe^ejiena HanpaBJieHHeM ny^Ka h Gojibiueii ocbK) 
TpexMepHoro ajiJinncoH^a, onncbiBaroinero noTOK aneprHH. 3to H03B0JiaeT cyM- 

MHpOBaTb BCe B3aHM0fleHCTBHa TaKHM 05pa30M, HT05bI COBHaJIH HX HJIOCKOCTH 

peaKH;HH. B axoM cjiynae na 5ojibmoH CTaxHCTHKe B3aHM0fleHCTBHH 5biJio no- 
Ka3aH0, HTO B a3HMyTajibH0M pacnpe^ejieHHH (oTHOCHTejibHO BeKTopa, nanpa- 
BJieHHoro BflOJib Gojibiueii och ajiJinncoH^a) HaGjiro^aeTca acHMMeTpna BbiJiexa 
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HacTHu;. BejiHHHHa OTHomeHHa 



Rn = 



iV(+90^) + N{-90' 
iV(0«) + iV(180«) 



KOJiHHecTBa HacTHii, BbiJieTeBiuHX nepnen^HKyjiapHO njiocKOCTH peaKiiHH, k hx 
noTOKy B njiocKOCTH peaKiiHH noKasana ^Jia pasjiHHHbix a^ep na pnc. 17 b 3aBH- 
CHMOCTH OT HopMHpoBaHHOH MHOiKecTBeHHOCTH HacTHu; B cpe^HeH o5jiacTH nccB- 

fl05bICTp0T. KaK BH^HO H3 3THX flaHHblX, 3(|)(|)eKT aCHMMCTpHH CHJIbHO 3aBHCHT 

OT Maccbi CHapa^a. 

BbiJi H3MepeH "Bbi5poc" ^Jia o^ho- h flByx3apaflHbix (|)parMeHTOB. IIpHHeM na- 
5jiioflajica 5ojibmoH pocT acHMMexpHH ^Jia a-HacTHu;. Hccjie^oBaHHe npoBe^eHO 
TOJibKO flo aneprHH 1.2 FsB/A 5e3 Bbi^ejieHna (|)parMeHTOB c 3apaflOM 5ojibme 2. 
Pe3yjibTaTbi H3MepeHHH noKa3aHbi na pnc. 18. Bh^ho, hto Ha5jiioflaeTca CHJib- 
Haa 3aBHCHM0CTb OT Maccbi (3apafla) (|)parMeHTa. Ha pnc. 19 noKa3aHO a3H- 
MyxajibHoe pacnpe^ejieHHe ^Jia cpe^Heii o5jiacTH nceBflo5bicTpoT h pa3JiHHHbix 
BejiHHHH npHiiejibHoro napaMexpa. MULl cooTBCTCTByeT nepH(|)epHHecKOMy, a 
MUL5 iieHTpajibHOMy coy^apeHHio. HaHGojibiuHH 3(|)(|)eKT Ha5jiioflaeTca y xa- 
iKejioro a^pa-CHapa^a npn cpe^Heii MHOiKecTBeHHOCTH, cooTBeTCTByioineH "5o- 
KOBOMy" coy^apeHHio a^ep (MUL3 h MUL4). 



Phc. 17: 3aBHCHM0CTb BejiHHHHbi Rn 

OT HOpMHpOBaHHOH MHOiKeCTBeHHO- 

CTH fljia pa3JiHHHbix a^ep-CHapa^oB 
npH aneprHH 400 MaB/nyKJioH. 



Phc. 18: 3aBHCHM0CTb BejiHHHHbi 
Rn OT 3apafla (|)parMeHTOB ^Jia 
a^pa-CHapa^a Au npn aneprHH 
400 MaB/nyKJioH. 



HpefljiaraeTca mcto^om a^epHbix (|)0T03MyjibCHH H3yHHTb "Bbi5poc" MHoro- 
3apaflHbix a^epHbix (|)parMeHTOB npn aneprHH pa3JiHHHbix najieTaioinHX a^ep- 
CHapa^oB flo 3 -r 4 FsB/N. Mcto^ oGjia^aeT bbicokhm npocTpaHCTBeHHbiM pa3- 
pemeHHeM, 47r-reoMeTpHeH h cpaBHHTejibHoii npocTOToii onpe^ejieHHa 3apaflOB 
a^epHbix (|)parMeHTOB. B nacToainHH momcht pa3pa5oTaHa MCTO^HKa onpe^ejie- 
HHa 3apaflOB c noMoinbio MHKpocKona, CBa3aHHoro b jihhhio c 3BM. Ha pnc. 20 
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Phc. 19: AsHMyTajibHoe pacnpe^ejieHHe OTHOCHTejibHO oceii noTOKa aneprHH ^Jia 
pa3JiHHHbix a^ep-CHapa^oB h MHOiKecTBeHHOCTeii. 



Phc. 20: 3aBHCHM0CTb HHCJia npocBCTOB c ^jihhoh 5ojibme li ot sapa^a nacTHiibi. 
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npHBe^eHbi KajinGpoBO^Hbie HSMepenna onpe^ejieHHa sapa^a no yrjiy HaKJiona 
HHTerpajibHoro pacnpe^ejieHHa ^jihh npocBeTOB, a na pnc. 21 — HopMnpoBan- 
Hoe snaneHHe ^Jia npocBCTOB 5ojibme 0.25 mkm b 3aBHCHM0CTH ot BejiHHHHbi 
sapa^a. KaK bh^ho h3 ^Byx npoBe^eHHbix KajinGpoBOK, HMeexca pa3pa5oTaHHaa 
MeTOflHKa H3MepeHHa sapa^oB JierKHX (|)parMeHTOB ^o Z = 5 -r 6. 



Phc. 21: 3aBHCHM0CTb HopMHpoBaHHoii cyMMapHOH flJiHHbi npocBCTOB 5ojibme 
/ = 0.25 MKM OT 3apafla nacTHu;. 

Hccjie^oBaHHa "Bbi5poca" (|)parMeHTOB b a^po-a^epHbix BsaHMO^eiicTBHax no- 
3B0JIHT "sarjianyTb nepes okho" b ropanyio o5jiacTb njioTHoii a^epHoii MaxepHH, 
Ha5jiioflaa poiK^eHHe nacTHu;, ne saMasannoe hx npoxoiK^eHHeM nepes BeinecTBO 
MHiueHH-CHapa^a. CxeMaTH^ecKH axa KapTHHa noKasana na pnc. 22. 



Phc. 22: "Bbi5poc" MaxepHH b a^po-a^epHbix BsaHMO^eiicTBHax. 
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3.6. 3(|)(|)eKTbi MHoronnoHHbix npoMeacyTOHHbix cocToaHHH b ^boh- 
Hoii nepesapa^Ke hhohob na a^pax npn aneprHH Bbiine 1 FaB 

B Hccjie^oBaHHH flBOHHOH nepesapa^KH nnoHOB na a^pax (711111) b HT30 
B 1995-1997 ro^ax 5biJia oGnapyiKeHa CHJibnaa anoMajiHa b anepreTHHecKOH 3aBH- 
CHMOCTH ceneHHa 3Toro npoiiecca npn Tq > 0.6 FaB b o5jiacTH, KHHeMaTH^ecKH 
3anpeiu;eHH0H ^Jia peaKiiHH (tt, 27r) [107, 108]. Hpn oiKH^aeMOM pe3K0M na^e- 
HHH 3Toro ceneHHa c aHeprneii, HSMepenna ^ajiH OTHOCHTejibHO cjia5yio anepre- 
THHecKyio 3aBHCHM0CTb npoiiecca Zinil c npeBbimeHHeM hohth na nopa^oK Be- 
jiHHHHbi Ha5jiioflaeMoro Bbixo^a nnoHOB na^ TeopeTH^ecKHM, KOTopbiii nojiyneH 
B npe^nojioiKeHHH o5 o5biHHOM MexaHH3Me ^Byx nocjie^oBaTejibHbix nepe3apa- 
flOK Ha flByx HyKJioHax. FeopeTH^ecKHH aHajiH3 [109] nepBbix ^aHHbix no Zinil 
npH aneprnax > 1 FaB noKa3aji, hto npoijecc Zinil npe^ocTaBJiaeT ynHKajibnyio 
B03M0iKH0CTb Ha5jiioflaTb 3(|)(|)eKT Hcynpyzux rjiay5epoBCKHX nepepacceaHHH KaK 
ocHOBHOH, yiKe HaHHHaa c ~ 0.7 FaB. JleiicTBHTejibHO, b o5jiacTH 3thx aneprHH 
o5biHHbiH ^ByxcTyneHHaTbiH MexaHH3M Zinil c o^HonHOHHbiM npoMeiKyTOHHbiM 
cocToaHHeM He ^OMHHHpyeT H3-3a MajiocTH ceneHHa o^HOKpaTHoii nepe3apaflKH 
Ha HyKJione. FaKHM o5pa30M, u;ejibio npe^JiaraeMoro SKcnepHMeHTa aBJiaexca 
Hccjie^oBaHHe neynpyrnx MexaHH3M0B MHoroKpaTHoro B3aHM0fleHCTBHa hhohob 
c HyKJionaMH npn hx npoxoiK^enHH Hepe3 a^po. Hpn 3tom naMenaeTca nojiy- 
HHTb HH(|)opMaii;Hio o5 anepreTHHecKOM xo^e hhkjiio3hbhoh Zinil Bnepe^ na pa^e 
a^epHbix MHiueHeii npn nanajibHOM HMnyjibce b HHTepBajie 1-^3 FaB/c. 

H3BecTH0, HTO yneT rjiay5epoBCKHX nepepacceaHHH npn npoxoiKfleHnn a^po- 
HOB Hepe3 a^po ^aex cymecTBennbie nonpaBKH k cenennaM cooTBCTCTByioiunx 
npou;eccoB. Hto Kacaexca Zinil, to b paMKax ^ByxcTynennaToro MexaHn3Ma 
flByx nocjie^oBaTejibHbix o^noKpaTHbix nepe3apaflOK na ^Byx nyKJionax a^pa 
3T0T npou;ecc TOiK^ecTBen KapTnne ynpyzozo rjiay5epoBCKoro nepepacceanna 
(c 7r°-Me30HOM B npoMCiKyTonnoM cocToannn). B oGbinnbix a^pon-aaepHbix pe- 
aKu;nax BKJia^ ynpyroro nepepacceanna mo^kct cocTaBJiaxb ^o ~ 15%, a ne- 
ynpyrne nonpaBKn cxanoBaxca cyujecTBennbiMn TOJibKO npn BbicoKnx anep- 
rnax (> 5 FaB) n cocxaBJiaioT 20 -r 30% ot ynpyrnx nonpaBOK [110]. j^Jia 
Jinn Heynpyzue nepepacceanna (c MnoronnonnbiMn npoMCiKyxonnbiMn cocto- 
annaMn), KaK noKa3aji pa3BnTbiH A.B. Kan^ajioBbiM na ocnoBe rpn5oBCKoro 
(|)opMajin3Ma [111] no^xo^ k oGtacnennro o5napyiKennoH anoMajinn, aBJiaroxca 
doMUHupyioui/UM Mexann3M0M, BKJia^ KOToporo B03pacTaeT c aneprnen. Feope- 
TnnecKne on;enKn noKa3biBaK)T, nxo npn aneprnax 1-^3 FaB MOiKno oiKn^axb 
npoflOJiiKenna cjia5oro xo^a cenenna RIUl b ycjioBnax paccMaxpnBaeMoro aKC- 
nepnMenxa. FaKnM o5pa30M, b paMKax njiannpycMoro OTnocnxejibno npocToro 
aKcnepnMenxa npe^cTaBJiacTca B03M0iKnbiM ne TOJibKO no^TBep^nTb (|)aKT cnjib- 
noro flOMnnnpoBanna neynpyrnx nepepacceannn b npon;ecce Zinn, no n BnepBbie 
n3MepnTb xo^ cenenna RIUl b nnxepBajie 1 -r 3 FaB. nporpaMMa n3ynenna 
Jinn npn FaB-nbix aneprnax na apyrnx ycKopnTCJiax OTcyTCTByex; b KanecTBe 
3aaBKn ona c(|)opMyjinpoBana tojibko ^Jia SIS (GSI, JlapMniTa^T) c ynacxncM 
HF30. OTcyTCTBne noflxoaauien ycxanoBKn no3BOJiaeT na^eaTbca, nxo y^acTca 
coxpannTb Jin^epcTBO b n3ynennn RIUl b HF30. 
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3.7. MsyHGHHe BGKTOpHblX (/), U^ if) H CKajiapHbix (7/, f]') Me30- 

HOB, o6pa30BaHHbix npH BsaHMO^eiiCTBHH nnoHOB c TaacejibiMH 
a^paMH 

Bonpocbi o CBOHCTBax a^poHHbix pesoHancoB b a^epHoii cpe^e aBJiaioTca b 
nocjie^HHe ro^bi npe^MeTOM oiKHBJieHHOH ^HCKyccHH. Mo^ejiH 3(|)(|)eKTHBHoro 
jiarpaHiKHaHa [112, 113, 114] h no^xo^bi, ocHOBaHHbie na npaBHJiax cyMM 
KXJI [115, 116] npe^cKasbiBaioT yMenbiueHHe Mace p, cu, ip c yBejinneHHeM 
a^epHOH njioTHOCTH. KpoMe Toro, c yMenbiueHHeM Mace (|)a30BbiH oGteM ^Jia 
pacna^oB pesoHancoB xaKiKe yMenbiuaeTca, hto npHBO^HT k yBejinneHHio iuh- 
pHHbi pe30HaHC0B. C apyroH CTopoHbi, 5jiaroflapa CTOJiKHOBeHHaM, saBHcainHM 
OT njioTHOCTH a^epHOH cpe^bi h ceneHHa BsaHMO^eiicTBHa pesoHanca c nyKJio- 
HOM [117, 118], mnpHHa pesoHanca xaKiKe yBejiHHHBaeTca. 

CBOHCTBa BCKTopHbix McsoHOB B a^epHOH cpe^e HSynaJIHCb 3KCnepHMeHTaJIbH0 
nyTCM H3MepeHHa ^HJienTOHOB na ycKopHTejie SPS (CERN) KaK ^Jia npoTOH- 
a^epHoro, Tax h ^Jia a^po-a^epHoro BsaHMOfleiicTBHH [83, 119, 120, 121]. 

B pa5oTe Li h ap. [122] BbicKasano npe^nojioiKeHHe, hto H35biTOK b cneKxpe 
^HJienTOHHbix Mace b paiioHe 0.3 < M < 0.7 FaB bo BsaHMo^eiicTBHax S + Au 
no cpaBHeHHio c p -\- Au mo^kct 5biTb oGtacHen c^BHroM Maccbi /)-Me30Ha. 

IIpHBefleHHbiH B pa5oTax [85, 123, 124] anajins xaKiKe yKasbiBaex na xaKyio 
B03M0iKH0CTb, oflHaKO HC HCKJiioHaeT 5ojiee npocTyio HHTepnpeTaiiHio 3a cnex 
"self-energy" 3(|)(|)eKTa b a^epnon Maxepnn. 

YnnTbiBaa neonpe^ejiennoeTb SKenepnMenTajibnon enTyan;nn n BaiKnoexb 
npo5jieMbi, eBasannoH e npoBepKon npe^nojioiKenna o naexnnnoM BoeexanoBJie- 
nnn Knpajibnon enMMexpnn b a^epnon epe^e, aBJiaiouienea (|)ynflaMenTajibnoH 
enMMexpnen KXJI, neoGxo^nMO npoBeexn ^onojinnTejibnbie SKenepnMenTbi n no- 
jiynnTb nn(|)opMan;nio o eBonexBax BeKTopnbix (n eKajiapnbix) MesonoB b 5ojiee 
aenbix ^nnaMnneeKnx yejioBnax, nanpnMep, b nnon-a^epnbix eTOJiKnoBennax. 

Oeo5enno saMexnbie nsMenenna xapaKxepnexnE a^ponoB npe^eKasbiBaioTea 
fljia a^ponoB, poiK^ennbix b eBepxnjioTnon neperpexon a^epnon Maxepnn, o5pa- 
3yiom;eHea, nanpnMep, npn eTOJiKnoBennn yeKopennbix ^o neeKOJibKnx FaB na 
nyKJion xaiKejibix a^ep e xaiKejibiMn a^paMn. 

O^naKO n npn poiK^ennn a^ponoB (|)OTonaMn, ajieKxponaMn njin nnonaMn 
na TaiKejibix a^pax, T.e. npn nopMajibnon njioTnoexn a^epnon Maxepnn 
(0.17 Om~^), ejie^yeT oiKn^axb xoxa n Menbmnx (Ani/ni ^ 10-r20%), no Bnojine 
n3MepnMbix 3(|)(|)eKT0B. Bojiee Toro, b neKOTopoM oxnomennn xaxne npon;eeebi 
npe^nonxnTejibnee, noeKOJibKy no3BOJiaioT npoejie^nxb nsMenenne napaMexpoB 
poiK^ennbix a^ponoB na npoxaiKennn Beero BpeMenn nx iKnsnn 5e3 BpeMennbix 
orpannnennn, o5yejioBJiennbix MajibiM BpeMeneM iKnsnn eBepxnjioTnon neperpe- 
TOH a^epnoH Maxepnn. KpoMe Toro, peaKn;nn, Bbi3Bannbie nnonaMn, no3BOJiaioT 
Beexn neejie^oBanna npn MenbmeM KOM5nnaTopnoM (|)one no epabnennio e npoTO- 
naMn n xaiKejibiMn a^paMn. B axnx peaKn;nax B03M0iKna 5ojiee npaMaa n Menee 
Mo^ejibno 3aBnenMaa nnTepnpeTan;na ^annbix. 

A^ponbi, Morymne ejiyiKnTb b KaneexBe "npo5nnKOB" ^Jia na5jiioflenna oiKn- 
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aaeMbix 3(|)(|)eKT0B, ^ojiiKHbi y^oBJieTBopaTb ^ByM KpHTepnaM: 

1) HMCTb flocTaTOHHO Majioe BpeMa jkhshh, htoGbi pacnacTbca BHyxpH a^pa; 

2) HMCTb Kanajibi pacna^a, He HCKaiKeHHbie CHJibHbiM BsaHMO^eiicTBHeM pac- 
na^Hbix HacTHii, T.e. JienTOHHbie h ajieKxpoMarHHTHbie pacna^bi. 

3thm ycjioBHaM y^oBJieTBopaioT BCKTopHbie h CKajiapHbie MesoHbi, npHBe^eHHbie 
B Ta5jiHii;e 2. 

Ta5jiHii;a 2: OTHOCHTejibHbie BepoaTHOCTH pacna^oB mcsohob 





Kanajibi pacnazia 


e+e" 


IJ+IJ 


IJ+IJ 7 


^°7 


77 


Tf 


37 


V 


< 7.7-10-^ 


5.8-10-'' 


— 


— 


39 • 10-" 


— 


— 


i 


< 2.1 • 10-' 


— 


1 • 10"^ 


— 


2.1 -10-" 


— 


— 


P' 


4.5 -10-" 


4.6 -10-" 


— 


6.8-10"^ 


— 


2.4-10"^ 


2 • 10"^ 


UJ^ 


7.1-10"^ 


< 1.8-10"^ 


— 


8.5 -10-" 


— 


6.5-10"^ 


< 1.9-10"^ 


v' 


3.0-10-^ 


2.5-10"^ 


2.3-10-^ 


1.3-10-^ 


— 


1.26 -10-" 


— 



HpeflCTaBJiaeTca, hto HSMepenna cjie^yeT bccth jih5o no pa^HaiiHOHHbiM 
(xaM, r^e Mo^a pacna^a BejiHKa), jih5o no MioonnbiM pacna^aM. Bbi^ejienne 
ajieKTpoHHbix pacna^oB noTpe5yeT nsroTOBJienna cjioiKHoro n ^opororo cnex- 
nnKa RICH n, KpoMe Toro, Gy^ex saTpy^neno n3-3a 5ojibmoro (|)OHa 5bicTpbix 
nnoHOB. Ilpn perncTpau;nn Mioonnbix pacna^oB mojkho oiKn^axb cymecTBenno 
5ojiee 5jiaronpnaTHbix (|)OHOBbix ycjioBnn. Ilpn ncnojib30Bannn nnonnbix nynKOB 
c nMnyjibcaMn ^o 2 FaB/c o5pa30Banne BCKTopnbix Me3onoB Gy^ex nponcxo^nxb, 
B ocnoBnoM, b cjie^yiomnx ajieMenxapnbix npon;eccax: 

cun , 
lottN , 
pn , 

pnN , 
ipn . 

Cenenne o5pa30Banna BCKTopnbix Me3onoB npn j9^- < 2 FaB/c cocTaBJiaex Be- 
jinnnny ~ 2 m5 ^Jia cu- n /)-Me3onoB n 20 mk5 ^Jia (^-Me3ona [125]. 

B pa5oTe [125] paccnnxan c^Bnr Mace n ymnpenne a;-Me3ona b a^epnon cpe^e, 
B nacTnocTn, b peaKn;nn 7t~ + 208p^ ^^^ j^ j^ ^ p^ < 1-7 FaB/c. B nen o5pa- 
ujaeTca BnnManne na neoGxo^nMOCTb OT5opa Majibix npo^ojibnbix n nonepennbix 
nMnyjibcoB a;-Me3ona {Pi, Pt < 0,25 FaB/c), c tcm, nTo5bi Jiynnie Bbi^ejinTb 
BJinanne a^epnon cpe^bi. Pe3yjibTaTbi pacnexa npnBe^enbi na pnc. 23. 

Cjie^yeT oGpaxnxb BnnManne na cjie^yiomnH a(|)(|)eKT. Ecjin a(|)(|)eKTnBnaa 
Macca (^-Me3ona b a^epnon Maxepnn, KaK oiKn^aexca b pa^e TeopeTnnecKnx pa- 
5oT, yMenbmnTca na Bejinnnny 30 MaB, anepreTnnecKn CTanex neB03M0iKnbiM 
ero pacnaa na K+A^-napy. HoaxoMy BaiKno na5jiioflaTb yMenbmenne (ecjin xa- 
KOBoe OKaiKCTca) bbixo^ob K+A^-nap bo B3anM0fleHCTBnax 7r~+aflpo no cpaB- 
nennio c peaKn;neH 7r~j9 -^ mp, b KOTopon (^-Me3on npaKTnnecKn noKonxca. 



p 




-p 




-p 




-p 




-p 
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Phc. 23: HHKJiio3HBHoe flH(|)(|)epeHii;HajibHoe ceneHHe o5pa30BaHHa JienTOHHbix 
nap OT npaMoro pacna^a u) -^ e+e~ npn pasjinnnbix HanajibHbix HMnyjibcax c 
oT5opoM Pi^ Pt < 0,25 FaB/c. BejiHHHHa R — oTHomeHne npoBsaHMo^eiicTBo- 
BaBiuHX H HenpoBsaHMO^eHCTBOBaBiuHX a;-Me30H0B B a^epHOH cpe^e. 

3.8. A^poH-a^epHbie BsaHMO^eiiCTBHa c poac^eHHeM chctgm pp7T~ , pp, 

pn B oSjiaCTH, aaJIGKOH OT KBaSHCBoSo^Hoil KHHGMaTHKH 

OcHOBHOH iiejibio Hccjie^oBaHHH aBJiaeTca npo^BHiKeHHe b paiioH mgaux paccmo- 
SHUU MeiK^y HyKJionaMH b a^pe c ijejibio H3y Henna toh o5jiacTH, r^e ^ojiiKeH 
npoHcxo^HTb nepexofl ot onncaHHa npoijeccoB na asbiKe a^poHHoii (|)H3hkh k onn- 
caHHio Ha a3biKe KXJI. IIpeflnojiaraeTca Hccjie^oBaHHe KaK npocTbix MexaHH3M0B 
B3aHM0fleHCTBHa, TaK H npoaBJieHHH 9K3omuuecKux eosMOJfCHOcmeu. 
HpefljiaraeTca H3yHeHHe peaKiiHH 

(j9, tt) + A ^ (j9, tt)' + a' + ppTT~ {pp.pn, d) 

Ha aeiiTepHeBOH MHiueHH h MHiuenax h3 apyrnx jiezKux adep. 
K KHHeMaTHHecKHM oco5eHHOCTaM 3KcnepHMeHTa OTHOcaTca: 

• doAbiuue UMnyAbCbi (no cpaBHeHHio c xapaKTepnbiM 3HaHeHHeM ^epuneB- 
CKoro HMnyjibca) BTopHHHbix nyKJioHOB, BKjnonaa h HyKJioHbi-cneKTaTopbi 
(Bbime 250 -300 MaB/c); 

• GojibiuHe nepe^aHHbie HMnyjibCbi ot nanajibHoro k KOHennoMy a^pony; 

uiupoKaa o6dacmh mace (nanHHaa ot 3HaHeHHH, 5jih3khx k nopory) CHCTeMbi 
BTopHHHbix a^poHOB pp7r~ , NN. 



• 



OcHOBHbie (|)H3HHecKHe npe^JioiKeHHa (b nopa^Ke B03pacTaHHa 3K30THHecKHX 
nepT). 

1. EsMeneHue euduMux napamempoe A-H3o5apbi h apyrnx 5apH0HHbix pe3o- 
HancoB A^* e adepnou cpede. 3flecb HMeioTca npeflCKa3aHHa, ocHOBannbie 
KaK Ha Mo^ejiH nepepacceaHHa npo^yKTOB pacna^a mnpoKHX pe30HaHC0B na 
ocTaTOHHOH a^epHOH CHCTCMe [126], TaK h, hto ocoGchho HHTepecHO fljia 
5ojiee TaiKejibix a^ep, na BJinanHH a^epHoii cpe^bi, paccMaTpHBaeMoii KaK 
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KOH^eHCHpoBaHHaa CHCTCMa [127]. HsBecTHbi 3KcnepHMeHTajibHbie ^aHHbie, 
yKasbiBaioiuHe na noflo5Hbie 3(|)(|)eKTbi [128]. 

2. Hccjie^oBaHHe xapaKxepHbix nepx MexanusMoe esauModeucmeua, 6odee 
cAOJfCHUx, uem Keasuceododuoe pojfcdeuue nnoHOB. B nacTHOCTH, xpeyrojib- 
HbiH MexaHH3M c npoMeiKyTOHHbiM o5pa30BaHHeM A-H3o5apbi hjih apyroro 
5apHOHHoro pesoHanca N* npe^cKasbiBaeT ^BHiKeHHe nHKa b pacnpe^ejie- 
HHH no HHBapHaHTHOH Macce CHCTeMbi pp7r~ npH H3MeHeHHH HMnyjibca, ne- 
pe^aHHoro ot nanajibHOH k KOHenHoii 5bicTpoH nacTHiie. (3Ta KapTHHa, 
CBasaHHaa c HajiHHHeM Tax nasbiBaeMbix ^BHiKyinHxca KOMnjieKCHbix oco- 
5eHH0CTeH, noKa SKcnepHMeHTajibHO ne Ha5jiioflajiacb.) Hccjie^oBaHHa no- 
flo5Horo po^a HHTepecHbi ne TOJibKO na ^eiiTpoHe, ho h na apyrnx JierKHX 
a^pax. 

3. JleTajibHoe Hccjie^oBaHHe CHCTeMbi J9j97r~ ^Jia BbiacneHHa Bonpoca o npnpoae 
oco6eHHOcmu, uadAiodaeMou e cnenrnpe ee UHeapuamjiHux Mace. HMeioTca 
aaHHbie rpynnbi HT30 [129] h ^anHbie rpynnbi Tio5HHreH-ynncajia [130], 
yKasbiBaioiuHe na cymecTBOBaHHe ysKoro anGapHOHHoro pesoHanca d' c Mac- 
coH 2.06 FaB h c KBaHTOBbiMH HHCJiaMH, 3anpeiu;eHHbiMH ^Jia CHCTeMbi 
NN [131]. Ha TO iKe yKasbiBaioT h y3KHe ehkh b (|)yHKii;HH B035yiKfleHHa npn 
50 MaB B peaKiinax ^bohhoh nepesapa^KH hhohob na JierKHX a^pax [130]. 
KpaiiHe aKTyajibHbi Hccjie^oBaHHa b 5ojiee mnpoKOH o5jiacTH aneprHH na 
pa3Hbix a^epHbix MHiuenax h c xopomeii CTaTHCTHHecKoii oGecneneHHOCTbio. 

4. IIoucK u 603MOJfCHoe ucc/iedoeauue "sKSomuuecKux" cocmoaHuu deumpon- 
a, B nepByio onepe^b B03M0iKHbix npHMeceii KOMnoneHT A A, NN*, N*N* 
nyxeM HsyneHHa peaKiinii Bbi5HBaHHa A h N* . Ochobhoh Tpy^HOCTbio b hc- 
cjie^oBaHHH TaKHX KOMnoneHT, Bee KOTopbix oiKn^aexea b ^ojin npon;enTa, 
aBJiaexea Bonpoe o B03MOiKnoH nMnTan;nn 3a enex npon;eeeoB o5pa30Banna A 
n N* B eaMOM npon;eeee B3anM0fleHeTBna. To noBoe, nxo no3BOJinT naM npo- 
^BnnyTbea no epabnennio e npe^biaymnMn pa5oTaMn - npnBJienenne ^Jia 
neTKoro Bbi^ejienna npon;eeeoB nexnnnoro Bbi5nBanna Kpnxepna TpeiiMana 
5Inra n neejie^oBanna xapaKxepnoro yrjioBoro paenpe^ejienna npo^yKTOB 
paena^a pe3onaneoB, npefleKa3biBaeMoro xeopnen [132]. Hnxepeeno 5biJio 
5bi neejie^oBaTb npnMeen eoexoannn e A n N* xaKiKe n b apyrnx JierKnx 
a^pax. 

5. IIoneK n B03MOiKnoe neejie^oBanne "5ojiee 3K30TnneeKnx" eoexoannn X, b 
KOTopbix MoryT naxo^nTbea ^Ba nyKJiona b a^pe (o5pa3 - nieexnEBapKO- 
BbiH MenioK). Hpe^nojiaraeTea neejie^oBaTb poiK^enne enexeMbi BTopnn- 
nbix a^ponoB (j9j9, pn, d, ppTi~) npn Majibix nnBapnanxnbix Maeeax (B5jin3n 
nopora) n o^noBpeMenno b oGjiaexn 5ojibmnx nepe^annbix nMnyjibeoB ot 
najieTaiomen naeTnn;bi k poiK^ennon enexeMe a^ponoB. BnepBbie npe^no- 
jiaraexea nonumKa npamou udewmucpuKaii/UU cocmoaHuu X nymeM eude- 
jienua "Keasuceododuozo" MexauusMa eudueanua X n3 ^eiiTpona n apyrnx 
JierKnx a^ep c npnBJienenneM Kpnxepna TpeiiMana 5Inra. 
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3KCnepHMeHT MOiKCT 5bITb peaJIH30BaH C HCnOJIb30BaHHeM CHCTeMbI CHCTHH- 

KOB KOPZI [16]. 

3.9. Mccjie^oBaHHe CTpyKxypbi JierKHX pa^HoaKTHBHbix h CTaSHJit.- 
Hbix a^ep npH npoMeacyTOHHbix aneprnax 

B nocjie^HHe ro^bi B03poc HHTepec k Hccjie^oBaHHio xapaKTepncTHK JierKHX 
a^ep c noMoinbio Hccjie^oBaHHH BsaHMOfleiicTBHH 3thx a^ep npn npoMeiKyTOHHbix 
aneprnax c npoTonaMH h a^paMH.TaKoro THna pa5oTbi npn HsyneHHH CTaGnjib- 
Hbix a^ep THna ^Li o5biHHO npoBO^HJiHCb, KaK npaBHJio, b npaMoii KHHCMaTHKe 
Ha HpoTOHHbix HyHKax HpH HCH0Jib30BaHHH a^pa B KanecTBe MHHieHH. HanpH- 
Mep, Ha xopomeii CTaTHCTHKe 5biJio HsyneHO flH(|)paKu;HOHHoe pacceaHHe npoTO- 
HOB c aneprHeii 0.6 h 1 FaB na a^pe ^Li npn OTHOCHTejibHO Majibix nepe^aHHbix 
HMnyjibcax, r^e Teopna FjiayGepa-CHTeHKO ^ocTaTOHHO xopomo onncbiBaeT 3kc- 
nepHMeHTajibHbie ^aHHbie; y^ajiocb xaKiKe aocTHrnyTb SHaneHHH nepe^aHHbix 
HMnyjibcoB, npH KOTopbix B03HHKJIH cyinecTBeHHbie pa3HorjiacHa [133]. Ilojiy- 
neHHbie B 3THX pa5oTax pesyjibTaxbi BbiaBHJiH Bonpocbi, KacaioinHeca KaK toh- 
HOCTH H npe^ejioB npHMeHHMOCTH rjiay5epoBCKoro MeTo^a, xaK h a^eKBaTHOCTH 
Hcnojib3yeMbix bojihobbix (|)yHKii;HH a^pa MHiueHH. B CBa3H c 3thm bo3hhkjih 
npe^jioiKeHHa no n3MepeHnK) fln(|)paKu;noHHoro pacceanna na cnMMeTpnnnoM pa- 
anoaKTnBHOM a^pe ^He n apyrnx 3K30TnnecKnx JierKnx a^pax, T.e. a^pax, 
y^ajiennbix ot Jinnnn /3-CTa5njibHOCTn. EcTecTBenno, nxo n3-3a Majibix BpeMen 
iKn3Hn 3Tnx a^ep, xaKne n3MepeHna Moryx 5biTb Bbinojinenbi TOJibKO b o5paT- 
noH KnneMaTnKe na nynKax a^ep, KOTopbie MOiKHO nojiynnxb MeTO^OM cpbiBa 
ycKopennbix CTa5njibHbix cpe^nnx a^ep. 

C KOHu;a 80-x ro^oB b 3apy5eiKHbix nncTnTyxax ^Jia n3MepeHnH cenennn B3a- 
nMo^encTBnn, (|)parMeHTau;nn, KyjionoBCKon flnccou;nau;nn, n3MepeHna pa^nycoB 
n CTpyKTypbi HeHTpoH-n35biTonHbix a^ep nanajin co3flaBaTb nynKn pa^noaKTnB- 
Hbix a^ep n neoOxo^nMbie 3KcnepnMeHTajibHbie ycTanoBKn c 3HeprnaMn a^ep ^o 
100 A-M3B (GANIL n RIKEN) n ^o 1 A-r3B (Saturn). 

B pe3yjibTaTe npoBe^ennbix nccjie^oBannn y^ajiocb o5napyiKnTb pa^ neo5bin- 
nbix CBOHCTB JierKnx 3K30TnnecKnx a^ep (o53opbi [134, 135, 136]). Cjie^yeT oco- 
5enno OTMexnTb, nxo anajin3 cenennn B3anM0fleHCTBna a^pa Li co CTa5njib- 
nbiMn a^paMn-MnmenaMn, n3Mepenne cenenna (|)parMenTan;nn ^^Li -^ ^Li + 2n 
n n3Mepenne nMnyjibcnoro pacnpe^ejienna a^ep ^Li b 3toh peaKn;nn no3BOJinjio 
c^ejiaTb npe^nojioiKenne o cyujecTBOBannn b 3tom a^pe neiiTponnoro rajio. EcTb 
yKa3anna na cyujecTBOBanne nenTponnon "my5bi" b a^pax ^i7e, ^i7e, ^^Be n 
npoTonnoro rajio b npoTon-n35biTonnoM a^pe ^B [137, 138]. Ilpn 3tom cjie- 
flyeT pa3JinnaTb nonaxna "my5a" n "rajio" . Ilofl nenTponnon "niyGon" nonnMa- 
eTca cocToanne, BKJironaroujee ^OBOJibno Mnoro nenxponoB c OTnocnxejibno Bbi- 
coKOH njioTnocTbK), B TO BpeMa KaK neiiTponnoe rajio co^epiKnT o^nn njin ^Ba 
neiiTpona, Kpanne cjia5o CBa3annbie n c cnjibno BbiTanyxbiM pacnpe^ejienneM. 
"IIIyGa" MOiKeT npoaBJiaxbca na jik)5oh op5nTe n o5pa3yeTca b pa^najibnon 
o5jiacTn, Kor^a noTenn;najibnaa 3neprna cxanoBnTca npn5jin3nTejibno pabnon 
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aneprnaM necKOJibKHX HanGojiee bmcokhx op5HT o^HHOHHbix HacTHu;. Fajio pac- 
CMaTpHBaeTca KaK hhcto TyHHejibHbiii 3(|)(|)eKT, B03HHKaioiu;HH, no Bceii Bepoax- 
HOCTH, TOJibKO fljia s- H j9-op5HT BCJie^cTBHe ijeHTpoGeiKHoro 5apbepa. OGbinnaa 
njioTHOCTb HeiiTpoHOB B HeiiTpoHHOM rajio Menee 1/100 njioTHOCTH neiiTpoHOB 
B iieHTpajibHOH o5jiacTH. TaK KaK HeiiTpoHHaa my5a 5ojiee BejiHKa no pa3Me- 
paM, ona mo^kct 5biTb OT^ejiena ot neHTponnoro rajio, xoxa onn Moryx nMCTb 
n nepeKpbiBaroinneca o5jiacTn. 

B CBa3n c BospacTaroinnM nnxepecoM k CBoncTBaM JierKnx n 3K30TnnecKnx 
a^ep npe^JiaraeTca ncnojibSOBaxb B03M0iKH0CTb nojiynenna 3K30TnnecKnx a^ep 
na npoeKTnpyeMOM nonnoM ycKopnTejie HT30 ^Jia npo^ojiiKenna nccjie^oBannn 
CBOHCTB TaKnx a^ep, KaK nanpnMep, ^He, ^^He, ^Li, ^ Be, ^Li, ^^Li, ^^Be. 

3anycK nonnoro ycKopnTejia HT30 ^aex B03M0iKH0CTb co3flaTb OT^ejibHbin 
BbiBe^enHbiH nynoK pa^noaKTnBHbix 3K30TnnecKnx JierKnx a^ep c 3HeprnaMn, 
3HannTejibH0 5ojiee BbicoKnMn (^o 2000 A-MsB), neM ncnojib3yeMbie b nacToa- 
mee BpeMa b 3apy5eiKHbix Jia5opaTopnax, n, xaKnM o5pa30M nojiynaxb, noByro 
nH(|)opMau;nK) o CBoncTBax JierKnx a^ep npn ynpyrnx n neynpyrnx B3anM0fleH- 
CTBnax. Ha 3tom nynKe MOiKno Gy^ex pa3MecTnTb ynnbepcajibnbin cneKxpo- 
Mexp fljia npoBe^enna n;nKJia pa5oT no nccjie^oBannK) yrjioBbix pacnpe^ejiennn 
ynpyroro n KBa3nynpyroro pacceanna n nepe3apaflKn Jiernanmnx a^ep na cxa- 
5njibnbix n pa^noaKTnbnbix a^pax. BaiKnbiMn aBJiaroxca nccjie^oBanna y3Knx 
Koppejian;nH nacxnn;, BbiJieTaroujnx npn B3anM0fleHCTBnn a^ep. Xoponio xaKiKe 
n3BecTno, nxo b JierKnx a^pax nexKO npoaBJiaioTca KJiacxepnbie cxenenn cbo- 
5oflbi n 3(|)(|)eKTbi 5jin30CTn k TpexnacxnnnbiM noporaM (nanpnMep, a^po ^He 
MOiKeT paccMaTpnBaTbca KaK xpexxejibnaa cncxeMa a -\- n -\- n), nxo no3BOJiaeT 
B xopomeM npn5jiniKennn paccMaxpnBaTb JierKne a^pa KaK ^nnaMnnecKne cn- 
CTeMbi, cocToainne n3 necKOJibKnx KJiacxepoB (ajib(|)a-nacTnn;, a^ep rejina-3, a^ep 
Tpnxna n nyKJionob) n paccnnTbiBaTb cxpyKxypy a^ep nyxeM ncnojib30Banna 
cooTBeTCTByioiunx ^exajibno pa3pa5oTannbix Mexo^oB pemenna ^nnaMnnecKnx 
ypaBnennn (MnoronyKJionnbix ypabnennn Illpeannrepa, Oa^^eeBa n flp.). Ha 
ycTanoBKe MOiKno Gy^ex npoBo^nxb cjie^yioinne nccjie^oBanna. 

• H3Mepenna cenennn ynpyroro n KBa3nynpyroro pacceanna 3K30TnnecKnx 
n pa^noaKTnBnbix a^ep na npoTonax, nenxponax (ncnojib3ya ^eiiTepnpo- 
BannbiH nojin3Tnjien) n JierKnx a^pax npn 3neprnax Bbiine 500 A-M3B, b 
nepByio onepe^b ^Jia pacceanna ^He n apyrnx 3K30TnnecKnx a^ep na npo- 
Tone n nenxpone npn 5ojibmnx nepe^annbix nMnyjibcax: 

^He+p^^ He+p, ^He + n^^ He + n, 

^Li + p{n) -^^ Li + p{n) , ^He + p ^^ Li + n . 

• Hccjie^oBanna cxpyKxypbi a^ep, nanpnMep, ^He n ^He: ^He -\- p ^^ He + 

p + 2n. 

• Hccjie^oBanne y3Knx Koppejiaiinn BbiJicTaioiunx nacTnn; npn pa3Bajie JierKnx 
a^ep. 
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• Hccjie^oBaHHe KJiacTepHoii CTpyKTypbi JierKHX a^ep: 

^He+p ^t + t + p, ^He + d + n, 3d + n 
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Li+p^ ^He + ^He + n, ^He + t + t, ^He + t + d. 



OflHHM H3 BaiKHblX OTKpblTHH B a^epHOH (|)H3HKe B nOCJie^HHe rOflbl 5bIJI0 

oGnapyiKeHHe pacmnpeHHoro HeiiTpoHHoro pacnpe^ejieHHa b 3K30THHecKHX 
HeHTpoHHO-o5oraiu;eHHbix a^pax THna ^^Li, ^^5e, ^i7e, ^He. 3th Hccjie^oBaHHa 
5biJiH BbinojiHeHbi, rjiaBHbiM o5pa30M, c noMoinbio H3MepeHHH ceneHHii B3aHM0- 
fleiicTBHH H H3yHeHHa (|)parMeHTaii;HH a^ep npn OTHOCHTejibHO hh3khx aneprnax 
[139, 140, 141]. B 5InoHHH b 1996 r. b RIKEN b peiKHMe o5paTHOH KHHCMaTHKH 
H3yHeH0 ynpyroe pacceaHHe pa^HoaKTHBHbix a^ep ^He h ^H npoTonaMH npn 
aneprHH a^ep 71 h 73.5 MaB, cooTBeTCTBeHHO, h npoBe^enbi noHCKH neiiTpoH- 
Horo rajio b a^pax ^He , ^i7e, ^^Li [139]. BTopn^Hbie ny^KH 5biJiH nojiyneHbi c 
noMoinbio cenapaTopa npn (|)parMeHTaii;HH ^^O c aHeprneii 100 A-MaB na tohkoh 

Be MHIUeHH. IIpH 3T0M, H3MepeHHa npOBO^HJIHCb B OTHOCHTejibHO He50JIbHI0M 

flHaHa30He yrjioB pacceaHHa npoTOHOB (15 -r 65 rpa^ycoB b CHCTCMe h;.m.). 

CymecTByioT TeopeTHHecKHe npe^HOJioiKeHHa, hto Taxne HOBbie aBJienna KaK 
"rajio" H "my5bi" b 3K30THHecKHX a^pax nanGojiee apKO ^ojiiKHbi ce5a npo- 
aBJiaTb npH GojibiuHX yrjiax pacceaHHa h 56jibHiHX aneprnax (cjie^ycT otmc- 

THTb, HTO npH GoJIblUHX 3HeprHaX H TeopCTHHeCKHH aHaJIH3, BbinOJIHeHHblH B 

aiiKOHajibHOM npnGjiHiKeHHH, KOTopbiM nojib30BajiHCb b pa5oTe [139], ^ejiacTca 
5ojiee ocMbicjieHHbiM) . HoaTOMy BaiKHO Hccjie^oBaTb 3K30THHecKHe JierKHC a^pa, 
y^ajieHHbie ot jihhhh /3-CTa5HJibHOCTH, b KaK mojkho 5ojibmeM yrjioBOM h anep- 
rcTHHCCKOM flHana30He. HacKOJibKO H3BecTH0, TaKHC H3MepeHHa noKa Hnr^e He 
njiannpyroTca. 

YcTaHOBKa ^ojiiKHa co^epiKaTb cjieayroinne ajieMCHTbi: 

• BbiBe^eHHbiH (iKCJiaTejibHO b Kopnyc 120) nynoK a^ep cpe^nero aTOMHoro 
HOMCpa C BpeMCHHOH pacTaiKKOH; 

• TOHKyK) Be MHIUeHb (npH HeB03M0iKH0CTH HJIH Tpy^HOCTax C BblBeaeHHCM 

ny^Ka h3 ycKopHTCJia ^Jia (|)parMeHTaii;HH ny^Ka ycKopHTCJia mojkho, ho 
HCiKejiaTejibHO, Hcnojib30BaTb BHyTpeHHK)K) MHiueHb ycKopHTCJia) ; 

• MarHHTHyK) onTHKy c cenapaTopoM ^Jia Bbi^ejieHHa nyiKHbix H30TonoB a^ep; 

• OTKJioHaroinHH MarHHT THna 011-3 c yBejiHHeHHbiM 3a3opoM ^Jia onpe^ejie- 
HHa HMnyjibcoB h yrjioB BbiJicTa (|)parMeHTOB pa3Bajia Hccjie^ycMbix a^ep, 
o5pa3yK)iu;Hxca npn B3aHM0fleHCTBHH najieTaroinHX a^ep c a^paMH MHiueHH; 

• roflocKonbi, npoBOJionnbie nponopiiHonajibHbie KaMcpbi, HeiiTpoHHbie ^eTCK- 
Topbi, ciiHHTHJiJiaiiHOHHbie fleTCKTopbi fljia perncTpaiiHH nepBHHHbix h bto- 
pHHHbix nacTHu;, flpeH(|)OBbie KaMcpbi, CTpnnnoBbie h CHJiHKOHOBbie ^eTCK- 
Topbi. 

YcTanoBKy mojkho MOHTHpoBaTb no nacTaM b cootbctctbhh c TpeGoBannaMn 
onepe^Horo aKcnepnMCHTa. 
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4. 3KcnepHMeHTajibHaH ycTanoBKa 

Cepbe3HbiM maroM na nyxH peajiHsaiiHH npe^JioiKeHHOH Bbime 4)H3HHecKOH npo- 
rpaMMbi CTajio 5bi cos^aHHe yHHBepcajibHoro MarHHTHoro cneKxpoMeTpa o5iu;ero 
nojib30BaHHa. IIpeflnojiaraeTca, hto Ha5op annapaxypbi b xaKOM cneKxpoMe- 
Tpe 5biJi 5bi flocTaTOHHO thGkhm h no3BOJiHJi pemaTb caMbiii mnpoKHH cneKxp 
(|)H3HHecKHX 3aflaH. HanGojiee y^aHHO xaxaa yHHBepcajibnaa ycTanoBKa MOiKCT 
5biTb nocTpoena na 5a3e MOflepHH3HpoBaHHoro TpexMCTpoBoro MarHHTa MC-1, 
HMeioineroca b Jia5opaTopHH B.B. KyjiHKOBa. MoflepHH3aii;Ha npe^ycMaTpHBaeT 
yBejiHHeHHe MeiKnojiiocHoro 3a3opa MarHHTa b ^Ba pa3a c 50 flo 100 cm c coxpane- 

HHCM OCHOBHOH HaCTH MarHHTa H o5mOTOK B HpeiKHCM BH^C. Ha pHC. 24 H0Ka3aH 

pa3pe3 MarHHTa b hjiockocth, HepHeH^HKyjiapHoii nyHKy, Hocjie M0flepHH3aH;HH. 
j^BOHHaa HiTpHXOBKa H0Ka3biBaeT flOHOJiHHTejibHbie BCTaBKH, KOTopbie Heo5xo- 



100 cm 



Phc. 24: BepTHKajibHbiH pa3pe3 MarHHTa MC-1 Hocjie M0flepHH3aH;HH 

flHMO ycTanoBHTb. IIpH coxpanenHH npeiKHero TOKa (h H0Tpe5jiaeM0H moujho- 
cth) HOJie B H;eHTpe MarHHTa cocTaBHT 0.85 Tji^. HnTerpaji HOJia B^ojib nyHKa 
cocTaBHT 2.4 Tji-m, hto Hpe^cTaBJiaeTca ^ocTaTOHHbiM ^Jia peHienna 5ojibHiHH- 
CTBa HOCTaBJieHHbix 3aflaH. MarHHT pacHOJioiKeH na yHHBepcajibHOM nyHKe ycKO- 
pHTejia HT30 c yrjioM BbiBo^a nacTHH; 3.5^. Hpn pa5oTe ycKopHTejia b homh- 

HaJIbHOM peiKHMe B03M0iKH0 HOJiyHCHHe HyHKOB HHOHOB H HpOTOHOB BblCOKOTO 

KanecTBa c HHTencHBHOCTbio ^o 2 • 10^ 3a c5poc. HpopaGoTaHa B03M0iKH0CTb 
M0flepHH3aH;HH MarHHTO-OHTHHecKoro TpaKTa fljia HOBbiHieHHa KanecTBa (|)OKy- 

CHpOBKH HyHKa, HTO Heo5xOflHMO HpH pa5oTe C H0JiapH30BaHHbIMH MHHienaMH. 

HMeeTca cxeMa opraHH3aH;HH Me^JieHHoro BbiBo^a hohob b tot iKe Kanaji. 

B KanecTBe TpeKOBoro aeTCKTopa npe^cTaBJiaeTca pa3yMHbiM Hcnojib30BaHHe 
npoBOJioHHbix flpeH(|)OBbix KaMep c ^jihhoh flpeH(|)a 1 cm. IIpeflnojiaraeTca HMCTb 
3-4 ny^KOBbix KaMcpbi pa3MepoM 20 x 20 cm^ h 7-10 Gojibiunx KaMep c pa3MepoM 



^PacHeTbi TpexMepHoii MOflejiH nojia, KOTopbie BeayTca ceiiHac nofl pyKOBOflCTBOM B.B. PbiJibiiOBa, fleMOHCTpn- 
pyioT HeoflHopoflHOCTb nojia Meacfly nojiiocaMH okojio 25%, hto npeflCTaBJiaexca Bnojine yflOBJieTBopHTejibHbiM. 
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90 X 170 CM^. KaiK^aa KaMepa ^ojiiKHa hmctb naxb cjioeB: 2-3 c BepTHKajibHbiMH 
npoBOJioHKaMH H 2-3 CTepeocjioa c npoBOJioHKaMH no^ yrjioM 10^ -r 15^ k BepxH- 
KajiH. KaMepbi ^ojiiKHbi HMCTb npocTpancTBeHHoe paspemeHHe He xyiKe 0.2 mm 

BflOJIb ropH30HTaJIbHOH OCH H 1 MM BflOJIb BepTHKaJIbHOH. 3tO flaCT TOHHOCTb 

H3MepeHHa HMnyjibca 0.4% ^Jia nacTHiibi c HMnyjibcoM 2 FaB/c h ^jihhoh xpexa 
2 M H 0.8% fljia HacTHiibi c HMnyjibcoM 200 MaB/c h ^jihhoh xpexa 0.5 m. Ha- 
jiHHHe OT^ejibHbix KaMep o5ecneHHT HeoGxo^HMyio Mo^yjibHOCTb annapaxypbi h 

B03M0iKH0CTb 66 pa3JIHHHOrO KOH(|)HrypHpOBaHHa B pa3JIHHHbIX 3KCn6pHM6HTaX. 

JXji^ opraHH3aii;HH TpHrr6pa h Hfl6HTH(|)HKaii;HH HacTHu; no bp6M6hh npoji6Ta 
MOiKHo Hcnojib30BaTb pa3pa5oTaHHyio b HT30 cHCT6My KOFJX [16]. 3Ta ch- 

CT6Ma HM66T Bp6M6HH06 pa3p6m6HH6 200 HC, HTO o56Cn6HHBa6T Hafl6iKH06 pa3- 
fl6JI6HH6 nnOHOB H npOTOHOB Ha npOJI6THOH 5a36 2 M C HMHyjIbCaMH flO 2.5-3 FaB. 

B pa5oT6 ycTanoBKH MOiKHO 5yfl6T Hcnojib30BaTb mnpoKHH Ha5op MHm6H6H, b 

TOM HHCJI6 iKH^KOBOflOpOflHyiO H iKHflKOfl6HT6pH6ByiO MHm6HH, nOJiapH30BaHHyiO 

npoTOHHyio H nojiapH30BaHHyio fl6HT6pH6Byio MHm6HH c 3aMopoiK6HHOH nojiapH- 

3aii;H6H. C03flaHH6 3THX MHm6H6H 05jI6rHa6TCa HaJIHHH6M pa^OM C MarHHTOM 

MC-1 MoinHbix KpHor6HHbix HH(|)pacTpyKTyp Jia5opaTopHH 301 H 305, a TaKiK6 
orpoMHbiM onbiTOM yKa3aHHbix JiaGopaTopnii b co3flaHHH h aKcnjiyaTaiiHH Kpno- 

r6HHbIX H nOJiapH30BaHHbIX MHm6H6H. 05'b6M iKHflK0-ra30BbIX MHm6H6H COCTa- 

BHT (1 -^ 1.5) • 10^ CM^, nojiapH30BaHHbix — 60-80 cm^. 

Ha pHC. 25 noKa3aH BapnaHT pacnojioiK6HHa annapaxypbi c Hcnojib30BaHH6M 

nOJiapH30BaHHOH npOTOHHOH MHm6HH C 3aMOpOiK6HHOH nOJiapH3aii;H6H flJia H3M6- 




PhC. 25: Cx6Ma 3KCn6pHM6HTa no H3M6P6HHI0 CnHH-3aBHCaiU;HX n6p6M6HHbIX B 
p6aKIi;HaX C pOiKfl6HH6M CTpaHHOCTH 
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peHHa cnHH-3aBHcaiu;HX nepeMennbix b peaKiinax c poiK^eHHeM CTpaHHOCTH. 

3jieKTpoHHKa ycTanoBKH ^ojiiKHa o5ecneHHBaTb oii;H(|)poBKy, anajiHS h naKon- 
jieHHe He Menee 2 Tbican TpnrrepoB 3a c5poc h npe^ycMaTpHBaTb B03M0iKH0CTb 
opraHHsaiiHH MHoroypoBHeBoro Tpnrrepa. Ha pnc. 26 noKasana cxeMa opraHH- 
saiiHH ajieKTpoHHKH "b jihhhio", cocTaBJieHHaa b ochobhom h3 CTaH^apTHbix, a, 
cjie^oBaTejibHO, MaKCHMajibHO He^oporHX ajieMCHTOB, xaKHX KaK KOMnbioTepbi 
IBM PC, H CBa3b Ethernet. B nacToainee BpeMa b Jia5. 305 HT30 nanaTa pa3- 
pa5oTKa 5jiokob BD^II c paspemeHneM 0.5 0.7 hc ^Jia flpeH(|)OBbix KaMep b CTan- 
flapxe FAST CAMAC na 5a3e KpncTajiJioB TDC-32, pa3pa5oTaHHbix b CERN. 



I 



I 



detectors with front-end electronics 



FA.ST CAIVIA^C crates 



IBJVl PC (one per CA^MAC crate) 




I 



lOO IVlbit Ethernet 
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\vorkstations and data storage units 

Phc. 26: CxeMa ajieKTpoHHKH c5opa h naKonjieHHa HH(J)opMaii;HH 

Co3flaHHe ycTanoBKH flOJiiKHO npoHcxo^HTb b necKOJibKO axanoB. Ha nepBOM 
3Tane njiannpyeTca MOflepHH3HpoBaTb MarHHT MC-1, co3flaTb flpeH(|)OBbie Ka- 
Mepbi, 3aflHHH roflocKon na 5a3e cneT^HKOB KOFJX h iKH^KOBOflopoflHyio MHiuenb. 
3Tan paccHHTan na xpn ro^a, b KOHiie KOTopbix mo^kho Gy^ex yiKe bbihth na 
(|)H3HHecKHe H3MepeHHa. Ha cjie^yioineM axane njiannpyeTca co3flaHHe nojiapn- 
30BaHH0H npoTOHHOH MHiueHH, pa3pa5oTKa iieHTpajibHoro flexeKTopa na ocHOBe 
BpeManpoeKiiHOHHOH KaMepbi, b KOTopoii flpeH(|) Gy^ex ocymecTBJiaTbca b BepxH- 
KajibHOM HanpaBJieHHH (B^ojib chjiobbix jihhhh MarHHTHoro nojia) h ajieKxpoMar- 
HHTHoro KajiopHMexpa njioina^bio 5-6 m^ h3 5jiokob, HMeioinHxca b HT30 (jia5. 
212). 3tot 3Tan paccHHTan opneHTHpoBOHHO na cjie^yioiuHe xpn ro^a h ^oji- 
iKen npoxo^HTb napajiJiejibHO c nojiyneHHeM (|)H3HHecKHX ^aHHbix na ycTanoBKe, 
co3flaHHOH Ha nepBOM axane. B 3to iKe BpeMa hjih b aajibHeiimeM B03M0iKHa 
peajiH3aii;Ha Me^JieHHoro BbiBo^a hohob, co3flaHHe a^poHHoro KajiopHMexpa, ne- 
o5xoflHMoro fljia pemeHHa MHornx 3aflaH no nccjie^oBannio a^po-a^epnbix ctojik- 
noBennn, n Mioonnoro nflenTn(|)nKaTopa. O^noBpeMenno c pa3pa5oTKOH annapa- 
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Typbi cjie^yeT bccth cos^aHHe nporpaMMHoro oGecneneHHa kek ^Jia pa5oTbi "b 
jiHHHio", TaK H fljia nocjie^yioineH o5pa5oTKH sanncaHHOH HH(|)opMaii;HH, a xaKiKe 
npoBecTH BecbMa nojiHoe MoHTe-Kapjio-Mo^ejinpoBaHHe KaiK^oii h3 nocTaBJien- 
Hbix 3aflaH. 

5. 3aKJiioHeHHe 

HpeflBapHTejibHaa nporpaMMa Hccjie^oBaHHH, npe^cTaBJieHHaa Bbime b bh^c 
npe^jioiKeHHH KOHKpeTHbix 3KcnepHMeHT0B, CBH^eTejibCTByeT o tom, hto ycKO- 
pHTejib HT30 MOiKCT 5biTb 3(|)(|)eKTHBH0 Hcnojib30BaH fljia pemeHHa KJiioHeBbix 
npo5jieM (|)H3HKH npoMeiKyTOHHbix aneprHH. H3BecTH0, hto ocHOBHaa ijejib (|)h- 
3HKH npoMeiKyTOHHbix aneprHH — nonaTb CHJibHoe B3aHM0fleHCTBHe na paccToa- 
HHax (0.1 -r 1) Om b HenepTyp5aTHBH0M peiKHMe KXJI, BKJiioHaa npo5jieMy koh- 
(|)aHHMeHTa. 3Ta anepreTHHecKaa o5jiacTb aBJiaexca nepexo^Hoii ot HHTepBajia 
HH3KHX aneprHH, r^e ^Jia onncaHHa B3aHM0fleHCTBHH ycneiuHO Hcnojib3yioTca 
Me30HHO-o5MeHHbie Mo^ejiH, K HHTepBajiy bbicokhx aneprHH h Gojibiuhx nepe- 
aaHHbix HMnyjibcoB, b KOTopoM B3aHM0fleHCTBHe onpe^ejiaeTca iKecTKHM pacce- 
aHHCM HH^HBH^yajibHbix napTOHOB (KBapKOB). Ba30Bbie npo5jieMbi (|)H3hkh npo- 
MeiKyTOHHbix aneprHH BKJiioHaioT b ce5a Bonpocbi o npHpo^e HenepTyp5aTHBHbix 

aapOH-aapOHHblX B3aHM0fleHCTBHH, O CnpaBe^JIHBOCTH Me30HHO-o5MeHHbIX MO^e- 

jieii B CTpaHHOM ceKTope, r^e chjibho Hapymena KHpajibnaa CHMMeTpna, o cyme- 

CTBOBaHHH aHOMaJIbHblX Me30HHbIX H 5apH0HHbIX pe30HaHC0B, a TaKiKe flH5apH0- 

HOB, o BKJia^e CTpaHHbix KBapKOB B CTpyKTypy HyKJioHa, o ceneHHax B3aHM0fleH- 
CTBHa pe30HaHC0B c HyKJioHaMH H rnnepoHOB h A-H3o5ap flpyr c apyroM, o mo^h- 
(|)HKaii;HH aapoH-aapoHHbix B3aHM0fleHCTBHH B a^epHOH cpe^e, o pojiH HenyKJioH- 
Hbix CTeneneii CBo5oflbi b a^epHoii MaxepHH h apyrne. 3HepreTHHecKaa o5jiacTb 
(1 -r 10) FaB, nepeKpbiBaeMaa CHHxpoTpoHOM HT30, onTHMajibna ^Jia aKcnepn- 
MeHTajibHoro H3yHeHHa GojibiuHHCTBa nepeHHCJiennbix npo5jieM. IIpeflCTaBJieH- 
Haa Bbime nporpaMMa Hccjie^oBaHHH 3aTparHBaeT MHorne h3 3thx KJironeBbix 
BonpocoB, xoTa h ne aBJiaexca HcnepnbiBaroineH. 

IIOHCKH 3K30THHeCKHX COCTOaHHH, B OCo5eHHOCTH E'55-5apHOHa H d' - 

flH5apH0Ha, rjiK)5ojioB h rnGpH^OB, b tom hhcjic TinaTejibHbiii aHajiH3 cneKxpa 
B035yiKfleHHbix cocToaHHH HyKJioHa, B03M0iKH0, BCKpoK)T npHHHHbi orpaHHHeHHa 
KBapKOBoro cocTaBa naGjiro^aeMbix a^poHOB npocTbiMH KOMGHHaiiHaMH naHBHoii 

KBapKOBOH MO^eJIH. IIo CpaBHeHHK) C BblCOKHMH 3HeprHaMH, B HHTCpBaJie yCKO- 

pHTejia HT30 cjie^yeT oiKH^aTb cymecTBeHHO Gojibiuhx ceneHHH renepaiiHH 

3K30THHeCKHX oGtCKTOB. 

IIpefljiaraeMbie ^eTajibHbie Hccjie^oBaHHa HH3K0JieiKaiu;HX CKajiapnbix Me3o- 
HOB, BKJironaroiuHe H3MepeHHe cnnnoBbix napaMexpoB b peaKiinax poiK^eHHa, 
npoacnaT Bonpoc o cocxaBe ochobhofo HOHexa CKajiapnbix Me30H0B, ^o na- 
CToainero BpeMenn ne ycTanoBJieHHoro OKonnaTejibHO. Oco5eHHO HHTepecna 
jio CHX nop OTKpbiTaa npo5jieMa cymecTBOBanna n xapaKTepncxnK CKajiapno- 
n3ocKajiapHoro cnrMa-Me30Ha, aBJiaroineroca neoOxo^nMbiM oG^cktom coBpeMen- 
HOH KnpajibHOH Teopnn B03Myiu;eHnH (LSM-Jinnennbie cnrMa-Mo^ejin) . B nnx 



- 55 - 

3T0T Me30H onpe^ejiaeT Maccbi MesoHHbix pesoHancoB h HyKJiona. Ctojib iKe 
BaiKHbi Hccjie^oBaHHa renepaiiHH h pacna^oB /q- h ao-Me30HOB, KOTopbie mo^kho 
paccMaxpHBaTb KaK Heo5biHHbie a^poHHbie cocToaHHa (nanpHMep, "baKyyMHbie 
CKajiapbi" [18]). 

HpoBepKa npaBHJia sanpexa OZI BaiKHa ^Jia yTOHHeHHa TeopeTH^ecKHX npe^- 

CTaBJieHHH O MexaHH3Me pOiK^eHHa HaCTHU; H, B03M0iKH0, oiieHKH co^epiKaHHa 
CTpaHHblX KBapKOB B HyKJIOHC. 

HecoMHeHHbiH HHTepec npe^cTaBJiaeT npe^JioiKeHHe o5 Hccjie^oBaHHH pa^na- 

IIHOHHblX pacna^OB BCKTOpHblX H nceBflOCKaJiapHblX MCSOHOB, BepoaTHOCTH KOTO- 
pblX 3aBHCaT OT MarHHTHblX MOMCHTOB KBapKOB H KBapKOBOrO COCTaBa Me30H0B 

H MoryT 5biTb conocTaBJieHbi c TeopeTH^ecKHMH npe^cKasaHHaMH (xaK iKe KaK 
H noHCKH pacna^a u) -^ 7r+7r~7). 

HsMepeHHe cnHHOBbix napaMexpoB b ynpyroM pacceaHHH h 5HHapHbix peaK- 
iinax poiK^eHHa CTpaHHbix HacTHu; BnepBbie hosbojiht ocymecTBHTb o^HOSHaH- 
HbiH napiinajibHO-BOJiHOBOH anajiHS B035yiKfleHHbix cocToaHHH nyKJiona bo Bceii 

pe30HaHCH0H 05jiaCTH H, TCM CaMbIM, BOCCTaHOBHTb HCTHHHblH CnCKTp H XapaK- 
TepHCTHKH 5apH0HHbIX pe30HaHC0B H, TaKiKC, KOHCTaHTbl CBa3H C pa3JIHHHbIMH 

KanajiaMH pacna^a, to ecTb nojiy^HTb na^eiKHyK) 5a30ByK) 3KcnepHMeHTajibHyK) 
HH(|)opMaii;HK) fljia pa3BHTHa TeopeTH^ecKHX npe^cTaBJieHHH o CHJiax B3aHM0fleH- 
CTBHa MeiK^y KOHCTHTyaHTaMH HyKJioHa. H3MepeHHa cnnnoBbix xapaKTepncTHK 
peaKiiHH flByxHacTHHHoro h KBa3HflByxHacTHHHoro poiK^eHHa CTpaHHbix HacTHu; 
no3BOJiaT ocymecTBHTb 5e3MOflejibHbiH aMnjiHTy^Hbiii aHajiH3 3thx npoijeccoB 
H npHHecyT BaiKHyro HH(|)opMaii;HK) o MexaHH3Max B3aHM0fleHCTBHa b CTpannoM 
ceKTope H, B03M0iKH0, oGtacHeHHa HCKOTopbix He noHaTbix jio HacToainero Bpe- 

MCHH 3KCnepHMeHTaJIbHbIX (|)aKTOB. 

Bo BTopoH HacTH nporpaMMbi npe^cTaBJiena rpynna npe^JioiKeHHH, nanpa- 
BJieHHbix Ha H3yHeHHe BJiHanna a^epHoii cpe^bi na npoijeccbi B3aHM0fleHCTBHa 
a^poHOB, xapaKTepHCTHKH pe30HaHC0B, a xaKiKe npoaBJieHHH HenyKJioHKbix cxe- 
neneii CBo5oflbi h (|)JiyKTyaii;HH hjiothocth b a^pax. 

A^eKBaTHoe onncaHHe noBe^eHHa a^poHOB b a^epHoii cpe^e ocTaexca BecbMa 
aKTyajibHbiM ^Jia (|)H3hkh HacTHu;. B nacToainee BpeMa ^ocTaTOHHO xopomo xe- 
opeTHHecKH H 3KcnepHMeHTajibH0 H3yHeHa pojib KBa3HynpyrHX npoijeccoB npn 
npoxoiK^eHHH a^poHOB Hepe3 a^po. O^naKO, 3Toro Hejib3a CKa3aTb o neynpyrnx 
B3aHM0fleHCTBHax; He^aBHHH aHajiH3 nepBbix ^aHHbix no ^bohhoh nepe3apaflKe 
nnona na a^pax npn r3B-Hbix 3HeprHax noKa3aji, hto 3tot npoijecc npe^ocTa- 
BJiaeT yHHKajibHyK) B03M0iKH0CTb Ha5jiK)flaTb 3(|)(|)eKT Heynpyrnx rjiay5epoBCKHX 
nepepacceaHHH KaK ochobhoh, yiKe nanHHaa c f^O.7 r3B. JleiicTBHTejibHO, b o5jia- 

CTH 3THX 3HeprHH o5bIHHbIH ^ByXCTyneHHaTblH MexaHH3M 3T0H peaKIIHH C OflHO- 

nnoHHbiM npoMeiKyTOHHbiM cocToaHHeM ne ^OMHHHpyeT H3-3a MajiocTH ceneHHa 
oflHOKpaTHOH nepe3apaflKH na nyKJione. TaKHM o5pa30M, BnepBbie CTanoBnTca 
B03M0iKHbiM B aBHOM Bn^e nccjie^oBaTb neynpyrne MexaHn3Mbi MHoroKpaxnoro 
B3anM0fleHCTBna a^ponoB c nyKJionaMn npn nx npoxoiK^ennn nepe3 a^po. 

Hpe^nojiaraeMoe aBJienne a^epnon KpnTnnecKon onajiecu;eHu;nn xecno CBa3aH0 
c nnoHHbiMn cxenenaMn CBo5oflbi n oGtacnaeT naGjiro^enna y3Koro nnKa norjio- 
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meHHa nnoHOB c aneprnaMH b5jih3h 50 MaB b a^pax. Jlpyraa B03M0iKH0CTb 
HHTepnpeTaiiHH 3Toro nHKa — cymecTBOBaHHe d'-^HGapHOHa. 

HpocTpaHCTBeHHO-BpeMeHHaa KapTHHa rjiyGoKOHeynpyrnx npoijeccoB B3aH- 
Mo^eiicTBHa a^poHOB c a^paMH MOiKCT 5biTb BoccTaHOBJiena HHTep(|)epeHii;HOH- 
HbiMH MeTo^aMH H co^epiKHT HH(|)opMaii;Hio o npoflOJibHbix H nonepe^Hbix pa3Me- 
pax o5jiacTH B3aHM0fleHCTBHa, (|)JiyKTyaii;Hax a^epHoii njioTHOCTH h B03M0iKHbix 
npoaBJiennax KBapKOBbix MeiuKOB. 

Hccjie^oBaHHa xapaKTepncTHK no^noporoBoro poiK^eHHa HacTHu;, onpe^ejia- 
eMbix CBOHCTBaMH a^epHOH MaxepHH Ha Majibix MeiKHyKJioHHbix paccToaHHax, 
no3BOJiaT nojiy^HTb HH(|)opMaii;Hio o cneKTpajibHbix (|)yHKii;Hax a^ep b o5jiacTH, 
He^ocTynHOH ^Jia H3yHeHHa na ajieKTpoHHbix ycKopHTejiax. Cnjibnaa 3aBHCH- 
MOCTb ceHeHHH no^noporoBbix peaKiinii ot Maccbi poiK^eHHoii CHCTeMbi ^ejiaeT 
Hx HyBCTBHTejibHbiM HHCTpyMCHTOM fljia noHCKa npeflCKa3aHHbix Teopneii 3^- 
(|)eKTOB MOflH(|)HKaii;HH CBOHCTB a^poHOB B a^epHOH cpe^e. 

PoiK^eHHe H pacnpocTpaneHHe Me30HHbix pe30HaHC0B b a^pax no3BOJiHT no- 
jiyHHTb CBe^eHHa o xapaKTepncTHKax pe30HaHC0B b a^epHoii cpe^e h, b pe- 
3yjibTaTe H3yHeHHa B3aHM0fleHCTBHH b KOHe^HOM cocToaHHH, TaKiKe o npoiiec- 
cax pacceaHHa Me30HHbix pe30HaHC0B na HyKJionax h B3aHM0fleHCTBHH MeiK^y 
A-rnnepoHaMH h A-H3o5apaMH. 

Cjie^yeT OTMCTHTb, hto BbinojineHHe npe^cTaBJieHHoii nporpaMMbi H3Mepe- 
HHH Ha CHHxpoTpoHe HT30 npHBejio 5bi xaKiKe k nojiyneHHio aKcnepHMen- 
TajibHbix aaHHbix, Heo5xoflHMbix fljia 0flH03HaHH0H HHTepnpeTaiiHH pe3yjibTa- 
TOB, oiKH^aeMbix Ha HOBbix ycKopHTejiax CEBAF h RHIC. HanpHMep, Hccjie- 
flOBaHHa B035yiKfleHHa nyKJioHOB a^poHaMH (HT30) h (|)OTOHaMH (CEBAF) ^o- 
nojiHaioT flpyr ^pyra h no3BOJiaioT H3BJieHb OTHOCHTejibHbie BepoaTHOCTH pa- 
flHaiiHOHHbix pacna^oB pe30HaHC0B, a ^Jia na^eiKHOH HfleHTH(|)HKaii;HH CHrnajioB 
KBapK-rjiiooHHOH njia3Mbi nyiKHbi no^poGHbie ^aHHbie o poiK^enHH pa3JiHHHbix 
a^poHOB B a^poH-a^epHbix h a^po-a^epHbix npoijeccax. 

BjiHiKaiimee Gy^ymee a^poHHoii (|)H3hkh b MHpe, necMOTpa na ee Hpe3Bbi- 
HaiiHO BaiKHoe 3HaHeHHe ^Jia pa3BHTHa xeopHH CHJibHbix B3aHM0fleHCTBHH Ha pac- 
CToaHHax nopa^Ka pa3Mepa HyKJiona, npe^cTaBJiaeTca oneHb Heonpe^ejieHHbiM. 
IIjiaHHpyeMbiH b KEK (5InoHHa) hobbih npoTOHHbiii ycKopHxejib JHF (Japanese 
Hadron Facility), nepeKpbiBaioinHH o5jiacTb npoMeiKyTOHHbix aneprHH, ne Gy^ex 
BBe^en b CTpoii no Kpannen Mepe b TeKyujeM ^ecaTnjieTnn. 3a 3to BpeMa 
B MT30 MoacHO SbiJio 6bi b ycjioBHax cjiaSoii KOHKypeHu;HH nojiyHHTt. 
u;eHHyio HH(|)opMau;Hio no npHHu;HnHajit.HbiM acneKTaM a^poHHoii (|)h- 

3HKH. 

ripe^jiaraeMaa 3KcnepHMeHTajit.Haa nporpaMMa nacTnnno 5a3npyeTca 
na cym;ecTByiom;nx SKcnepnMenTajibnbix ycTanoBKax, no b CBoen ocnoBnon nacxn 
TpeSyeT cos^aHHa HOBoro MarHHTHoro cneKTpoMGTpa, ocnameHHoro 
SbiCTpbiMH Koop^HHaTHbiMH H raMMa-^GTeKTopaMH, a TaKace nojiapH- 
30BaHHbiMH MHinenaMH. 

Ta5jinn;a 3 no^biTOiKnBaeT cym;ecTByiom;ne B03MOiKnocTn n noTpe5nocTn 
npe^jioiKennbix SKcnepnMenTOB b pa3Jinnnbix pecypcax, paccMaTpnBaeMbix b 



Ta5jiHii;a 3: CBO^Haa Ta5jiHii;a npe^JiaraeMbix SKcnepHMeHTOB 



9KcnepHMeHT 


PeacHM ycKopHxejia 


HajiHHHe 
ycxanoBKH 


PeajiHsaiiHa b paMKax 
oGmero cneKxpoMexpa 


BbicoKaa 
njiomaflKa 


MeflJieHHbiH 

BblBOfl HOHOB 


Ha i 

3xane 


Ha 11 

3xane 


H nep- 
cneKXHBe 


2.1. IIOHCKH H HCCJieflOBaHHe 3K30THTieCKHX COCTOaHHH 


V 






V 


V 


V 


2.2. HccjieflOBaHHe HHSKOJieiKamHX CKajiapnbix mcsohob 


V 








V 




2.3. HsMepeHHe napaMexpoB BpameHHa cnnna 


V 




V 








2.4. HccjieflOBaHHe cxpyKxypbi r]- h /o-mcsohob ^ 


V 












2.5. HpoBepKa npaBHJia OZI 


V 








v 




2.6. IIojiapHsaiiHOHHbie napaMexpbi b peaKijHax poacfle- 
HHa cxpaHHbix HacxHn; 


V 








V 




2.7. IIoHCK anoMajiBHbix aBJicHHH b noporoBOM poacfle- 
HHH nap THnepoHOB ^ 


V 












2.8. IIoHCK pacnafla u — > 7r"'"7r~7 


V 








V 




2.9. HsMepeHHe ajicKxpoMarHHXHbix 4)opM4)aKxopoB ?/-, 

1]'- H CU-MeSOHOB 


V 










V 


3.1. OiieHKa pasMepoB (JjJiyKxona 


V 






v 






3.2. HccjieflOBaHHe BsaHMOfleiicxBHa 4)JiyKXOHOB 


V 


V 




V 






3.3. HccjieflOBaHHe cbohcxb aflepnoH MaxepHH b noflno- 
poroBOM o6pa30BaHHH azipoHOB ^ 






V 








3.4. HccjieflOBaHHe aBJicHHa aflepnoH KpHXH^ecKOH ona- 
jieciieniiHH 


3 






V 






3.5. HccjieflOBaHHe "Bbi6poca" aflepnoH MaxepHH 


V 


V 










3.6. JiBOHHaa nepesapaziKa hhohob na a^pax 


V 






V 






3.7. HsyneHHe xapaKxepHCXHK BeKxopnbix h CKajiapnbix 

MeSOHOB 


V 








V 


V 


3.8. HccjieflOBaHHe aapoH-aflepHbix BsaHMOflencxBHH b 

o6jiaCXH, flaJICKOH ox KBaSHCBoGoflHOH KHHCMaXHKH 


V 






V 






3.9. HccjieflOBaHHe cxpyKxypbi aziep 


V 


V 











3th 3KcnepHMeHTbi npeflnojiaraeTca npoBOflHTb na BHyxpeHHeM ny^Ke ycKopHTejia. 
^KpoMe 2.1. .5. 
Ha BTopoM 3Tane Heo6xoflHMbi nHOHHbie ny^KH. 



or 
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paMKax HacToaineii nporpaMMbi. 

BBH^y BecbMa cepbesHbix Tpy^HOCTeii c (|)HHaHCHpoBaHHeM nayKH b Pocchh, 
oHCHb BaiKHo, HTO SojibLUHHCTBO npe^JioaceHHH MOaCGT SblTt. peajiH30- 
BaHO Ha o^Hoii oSmeii 3KcnepHMeHTajit.HOH ycTanoBKe, hto hosbojiht 
CKOHiieHTpHpoBaTb HMCioinHeca cpe^cTBa H JiioflCKHe pesepBbi. 3to cooTBeT- 
CTByeT peKOMeH^aiiHH Komhcchh HT30 no 3KcnepTH3e aKcnepHMCHTOB na ycKO- 
pHTejie HT30 (K.F. BopecKOB, B.B. FaBpHJioB, A.H. FojiyTBHH h A.B. Kaii- 
flajioB). MncTHTyT pacnojiaraeT cymecTBeHHoii nacTbio HeoSxo^HMoii 
MaTepHajiBHOH 6a3bi (b nacTHOCTH, 3a ocHOBy cneKxpoMeTpa o5iu;ero nojib3o- 
Banna MOiKCT 5biTb B3aT MOflepHH3HpoBaHHbiH MarHHT HMeioineroca TpexMexpo- 
Boro cneKTpoMeTpa, a xaKiKe Hcnojib30BaHa KpnoBaKyyMHaa HH(|)pacTpyKTypa 
fljia pa5oTbi nojiapH30BaHHbix MHiueHeii), h Sojibluhm ohbitom cos^aHHa 
aHajiorHHHbix ycTanoBOK. Bbo^ b ^eiiCTBHe 3toh ycTanoBKH MoaceT 
SbiTt. ocymecTBJiGH no3TanHO. Ho Mepe KOMnjieKTOBaHHa cneKxpoMeTpa ^e- 
TCKTopaMH pa3JiHHHbix THHOB MoacGT SbiTt. peajiH30BaHa HacTt. 3KcnepH- 

MGHTOB, He TpeGyiOIUHX nOJIHOH KOMnJieKTailHH. 

He Menee BaiKHbiM aBJiaexca Bonpoc o BoccTaHOBJieHHH peiKHMa pa5oTbi ycKO- 
pHTejia Y-IO HT30 na nojiHoii npoeKTHoii aneprnH 10 FaB, HeoGxo^HMOH, b 
HacTHOCTH, fljia nojiyneHHa KanecTBeHHbix nnoHKbix ny^KOB. Bojibluhhctbo 
npe^jioaceHHbix 3KcnepHMeHTajit.Hbix nporpaMM no^pasyivieBaeT pa- 
6oTy ycKopHTGJia na bbicokoh 3HepreTHHecKOH njioma^Ke. 

FEporpaMMa Hccjie^oBaHHH na ycKopHxejie HT30 cocTaBJiena h3 npe^JioiKe- 
HHH, npe^cTaBJieHHbix JiH^epaMH h Be^yinHMH coTpy^HHKaMH SKcnepHMeHTajib- 
Hbix rpynn (cm. HHiKecjie^yioinyio Ta5jiHii;y). 

Pa3fleji OaMHJina H.O. 

BbeaeHHe B.B. Bjia^HMHpcKHH 

2.1.1. 3., 2.1.6., 2.5., 2.9., 3.7. B.T. Cmoji5[hkhh 

2.1.4. B.Jl. Ctojihh 

2.1.5. Jl.C. Bopo5beB, F.A. JleKCHH 

2.2. B.n. KaHaBe^ 

2.3. B.n. KaHaBe^, B.B. CyManeB (nH5IO) 

2.4. B.n. HepHbimeB, A.F. JIojirojieHKo 

2.6. B.B. FbiJibiioB 

2.7. B.C. BopHcoB, A.F. JIojirojieHKo 

2.8. B.B. KyjiHKOB 
3.1., 3.2. F.A. JleKCHH 

3.3. lO.T. Khccjicb, B.A. IIIeHHKMaH 

3.4. M.B. KocoB 

3.5. B.A. Cmhphhtckhh 

3.6. A.n. KpyTCHKOBa, B.B. KyjiHKOB 

3.8. H.A. Ehbhiok, B.M. Kojibi5acoB (OHAH) 

3.9. lO.B. Tpe5yxoBCKHH 

4., Ta5ji. 3 H.F. AjicKceeB, JX.H. CBHpn^a 

3aKJiioHeHHe B.II. KaHaBeu; 
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IIpefljioiKeHHa, cocTaBJiaioiuHe nacToainyio nporpaMMy, OTKpbiTbi ^Jia npn- 

COe^HHeHHa KEK OTeHeCTBeHHblX, TEK H HHOCTpaHHblX ynaCTKHKOB. 

05iu;aa pe^aKiiHa MaTepnajioB BbinojiHena B.B. Bjia^HMHpcKHM, B.II. KanaB- 

IIOM, A.n. KpyTeHKOBOH, B.T. CMOJiaHKHHbIM H H.C. ItyKepMaHOM. AbTOpbl 

5jiaroflapHbi H.F. AjieKceeBy, E.A. MnxajieBoii h JX.H. CBHpH^e 3a 5ojibmyio 
pa5oTy no KOMnbioTepHoii o5pa5oTKe Hcxo^Hbix tckctob. 
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